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BRITISH 
PETERMANN 


Automatic Screw Machines 


Capacity: Maximum diameter ... *276in. 
Maximum turning length 2?in. 


@ WITH SELF-CONTAINED MOTOR DRIVE 
@ WITH FIVE TOOL-HOLDERS 


Distinctive Features : 
Sliding Headstock —rigid set- Can be run at 10,000 r.p.m. 
ting of the five toolholders. All feed and speed changes 
Nitrided headstock spindle, made by gears. 
accurately finished and ground. Ease of fitting various attach- 
ments. 


COVENTRY ROAD 


CHURCH SE ea 
WW \\ BIRMINGHAM 


O.LTD. tetephone: ACOCKS GREEN 2261 
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Gear Planers 


‘Cutting a double helical mine winding 
gear of ix’ pitch diameter, 27’’ face, 
318 teeth in the Works of David Brown & 
Sons (Hudd.) Ltd. 


H 
J-PARHINSON & SON DA 


SHIPLEY YORKS 
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PRESS TOOLS 
LARGE or SMALL 








We are SPECIALISTS in _ the 
DESIGN and MANUFACTURE 
of SIMPLE, COMPOUND, SUB- 
PRESS, and FOLLOW-ON TOOLS. 





ARNOTT & HARRISON rv. 
22, Hythe Road, 


WILLESDEN (2s) 


HARRISON] 


WILLE SDEN 


SOLE 





» Telephone : LADbroke 3484-5-6 
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MOBILISED FOR SERVICE 


The production of stressed component parts at all 





times, and more especially to-day, calls for the use 


of the best materials. 


We are proud that the physical and mechanical 
properties of ‘‘Mazak”’ alloys are to-day fully meet- 


ing the stringent requirements of present-day 


Technical literature will be gladly supplied upon 


application on firm’s letter head to:— 


NATIONAL ALLOYS LIMITED 


(A MEMBER OF THE IMPERIAL SMELTING CORPORATION GROUP) 


dfs 


REGISTERED OFFICE: 
TADLEY COURT - TADLEY : BASINGSTOKE - HANTS 


SOLE SELLING AGENTS: MORRIS ASHBY LTD., 95 GRESHAM STREET, LONDON, E.C.2. 
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HALIFAX 


ENGLAND 


THE WORLD’S LEADING 
DRILLING, BORING & MILLING 
MACHINE SPECIALISTS 


Waist playing our full part in the 


war effort we look to a_ happier 
future and welcome any opportunity 
of contacting customers old and new. 


In peace or war our motto is 
SERVICE, and we are happy at all 
times to offer advice on machine 
tool problems and the application of 
ASQUITH machines to specific jobs. 


SOLE DISTRIBUTORS FOR THE ASQUITH OVERSEAS SAL 
BRITISH ISLES : AND SERVICE DEPOT 
THROUGHOUT TH 


WORLD 


London Office: HALIFAX HO 
STRAND, W.C.2 


DRUMMOND (SALES) LTD. 





KING EDWARD HOUSE 


NEW STREET, BIRMINGHAM, 2 YY 


ESTABLISHED 1865 
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iv PRECISION 
| CABINET 
" CENTRE LATHES 


Delivery is subject to the Purchase and Priority Certificates issued by the M.T.C. 
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osetia TYPE 
lL POST 
G 
G 
S QUICK ACTING 
CAM LOCKING 
OF TAILSTOCK 
REMOVABLE 
AUTO KLEAN 
COOLANT FILTER 
PUSH BUTTON 
| STOP AND START 
| 
| ~ BUILT IN ISOLATOR 
ON AND Ges 
cocK 
PROMPT DELIVERY 
s : *" . ———_ 
This machine is specially designed for the manufacture of small parts 
requiring the highest degree of accuracy. @ Every individual part is 
manufactured to precision limits and jigged to ensure interchange- 
S SAL t ability. @ All sub-assemblies and the complete machine are subjected 
YEPOT to very rigid inspection tests before leaving the works. 
r TH PRINCIPAL DIMENSIONS e 
Max. co!let capacity ... + §in. 
x HOU Height of centres as ... 34in. 
2 Max. distance aia centres 12in. AAS Se 
Spindlesxeed ... 250-2000 r.p.m. 
- (infinitely variable) . ¢ COVENTRY ¢ ENGLAND e 
LONDON - BRISTOL - BIRMINGHAM - MANCHESTER - LEEDS - GLASGOW - NEWCASTLE 
maria aoe | 
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British Aero Components Ltd. 


HINCKLEY 


0.0'S. WITHIN -O002” 
FOR ROUNDNESS & PARALLELISM 





PRODUCTS OF 
TOOLROOM 
ACCURACY 





Standardised Drill Bushes cm LP) Sodium Cooled Vabves 


PS 






“ 3 zs THE 
STANDARDISATION: :::: the first essential for 
economical production 
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SPEED UP 
PRODUCTION 
WITH 





TRADE MARK 


THE HARDEST AND STRONGEST CUTTING TOOLS FOR [001 USES 


CUTANIT is the most highly efficient 
cutting tool for mass production machining 
combined with accuracy of size and per- 
fection of finish. 

There are different grades of Cutanit 
suitable for giving optimum production no 
matter what the material is that you have 
to machine—steel, cast iron, aluminium 
alloys, non-ferrous metals, synthetic 
materials, etc. May we help you to solve 
your problems? Our Technical Advisers 
are at your service. Write to the 
CUTANIT DEVELOPMENT SERVICE 
and ask for one of our advisers in your 
area to make an appointment. 


Have you sent your name for a copy of 
CUTANIT SERVICE, a recently pub- 
lished and up-to-date handbook on Cemented 
Carbides? If not write to CUTANIT 
DEVELOPMENT SERVICE. 


BRAND CEMENTED CARBIDES 


WILLIAM JESSOP & SONS LTD., Brightside Works, Sheffield 
or J. J. SAVILLE & CO. LTD., Triumph Steel Works, Sheffield 
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GEAR HOBBING MACHINES 


(PATENT) 





Finest limits of inaccuracy. 

Double ratio drive to master worm. (Patent). 
Cuts all prime numbers of teeth. 

Quick rotation of table. 


Illustration shows machine for cutting gears 
up to 7 ft. Gin. diameter. 


MADE IN VARIOUS SIZES TO CUT GEARS UP TO 
21 ft. DIA. x 9 ft. FACE 


CRAVEN BROTHERS waxcuesten LTD 
REDDISH - STOCKPORT 
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PUBLISHED PERIODICALLY FOR THE CONVENIENCE OF GAUGE USERS 


ADJUSTABLE EXTERNAL 
LIMIT GAUGES 





STYLE “N” 
EX STOCK 


All sizes up to 

rr in. capacity 
ALSO 

Small Stock with 


4 in. capacity 











As our stock position 
changes daily you are advised 
to enquire for sizes which 
we do not show as in stock. 





The NEWALL Range includes Roller Thread Gauges. 
Adjustable External Micrometers, Internal Limit Plug 
Gauges, Dial Indicators, Hardened Screw Gauges, etc. 








ADDRESS YOUR ENQUIRIES TO GAUGE DEPARTMENT 
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you moving - 


--- the ehap who 
designed this machine 
knew a thing or two- 

— Everything is 
where you want it 
for a change, but 
by Jove,— it keeps 


cee 


What the OPERATOR thinks, about-~ 










THE MIDSAW TOOLROOM 
_ BANDSAW MACHINE / 


The MIDSAW claims its place in every modern 
toolroom by sheer speed and efficiency in its 
own class of work. That work is the sawing 
and filing of shapes, whether regular or irreg- 
ular, external or internal. Much of this is still 
being done by machines ill-spared from other 
jobs. Release them by installing the MIDSAW. 


Our booklet will be sent on request. 













BSE REO AIT 


THE MIDLAND SAW TOOL (O.LTD. 





K song phe 4 tae MIDSAW WORKS - POPE ST - BIRMINGHAM II 
Se a for we Telegraphic Address: “* Midsaw, Birmingham."* b ge Colmore 4245-6 
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ore a health te all these that we love 

Yores a health td all these thai live us 

Heres a health td all these that ldve them that love thdse 
Yat love them that love thdse that live Udb—> 


We are happy to send 
CHRISTMAS GREETINGS 

to all our friends in the 
spirit of this qrand old toast 


CINCINNATI] MILLING MACHINES LID - BIRMINGHAM 


Sales xspresentattves for the British Isles: Charles Churchill & Co.Ltd., Coventry Rd., South Yardley, Birmingham 16 
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Regd. Trade Mork 
MEANS © ACCURACY 


‘he world-wide use of “AVO’’ Electrical Testing 
Instruments is striking testimony to their outstanding 
versatility, precision and reliability. In every sphere of 
electrical test work they are appreciated for their dependable 
accuracy, which is often used as a standard by which other 


instruments are judged. 


The Model 7 Universal AvoMeter (illustrated) is 
a compact combination electrical measuring 


instrument of B.S. Iist:Grade accuracy. Its 46 Some delay in delivery 


ranges cover A.C. and D.C. amperes and volts, of Trade Orders is 
resistance capacity, audio-frequency power output inevitable but we shall 
and decibels. {No external shunts or series continue to do our best 


to fulfill your reyuire- 
resistances. {Protected by automatic cut-out ments as promptly as 


against damage through overload. possible. 


Sole Proprietors and Manufacturers : : 
THE AUTOMATIC CC!< WINDER & ELECTRICAL EQUIPMENT CO. LTD 


Winder House, Douglas Street, London, S.W.1. Telephone: VICtoria 3404{7 
a eee 
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SPECIALISTS IN 
JIGS & FIXTURES 


PRESS TOOLS 


AIRCRAFT 
ASSEMBLY JIGS 


and 
REFERENCE 
GAUGES 


HEAT TREATMENT 


carried out 


FOR THE TRADE 


“ Let us brace ourselves 
to the effort for victory.”’ 
SIR STAFFORD CRIPPS "We 


, ie. hb ay 3 A 
606 HIGH ROAD, LEYTON. LONDON. EID. roms: teyecorteystone 


FULLY A'l-D APPROVED 
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Aeroplane Tail wor Fork 
in Hiduminium R.R. §6. 


lts so Zy- 


surely it must be 


No, sir, . . . and this tail wheel fork is an 
excellent example of how Hiduminium 
alloys solve problems of weight reduction 
without loss of strength. The inherent 
strength of this forging is so great that its 
smallest section measures only } in. in 
diameter. Every day evidence accumulates 
which indicates 
clearly how the vital 
structural qualities of 
Hiduminium make 
it an irreplaceable 


Uy HIGH 


DUTY 





ALLOYS 
xix 


dy / 


material. Already Hiduminium is re- 
cognised as a material capable of 


revolutionising the development of an 
army of products and of opening up for 
British manufacturers the markets of the 
post-war world. If youare usingaluminium 
allovs 


or contemplate doing so in future 

we shall be pleased 
to send further 
details concerning 
HIDUMINIUM 
Aluminium Alloys. 


LIMITED SLOUGH 


B2 
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PRODUCTION MACHINES 





| FOR 
. Seren ™ 
ae SCREWING 
SAWING-OFF 
SAW-SHARPENING 
TOOL-GRINDING 





to Machi Tool Control 








VOUCHER LTD. 


BRIDGE STREET WALSALL -— STAFFS. 


TELEPHONE 3396 
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IOHN ULE 


PRECISION INDICATORS 
TEST SETS, COMPARATORS ETC. 


CATMUR MACHINE TOOL CORPORATION LTD. BURWOOD HOUSE, CAXTON ST, LONDON SW! 
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Eyes in Danger 


There is so much work that is 
dangerous to eyes these days. 
Prompt preliminary treatment must 
be given—and it is best given by 
Optrex Eye Lotion. Optrex is 
antiseptic and anti-congestive ; it is 
always safe—and it soothes. Not 
only injuries but ‘arc eye’ and that 
‘sand in the eye” sensation are 
relieved by Optrex. 


Thorough washing of the eyes is’ 
assured by using the Optrex Ocular 
Syringe, a scientifically designed 
apparatus that ensures accurately 
controlled jets of lotion, freefrom air. 


WELFARE OFFICERS are invited to apply to Optrex Ltd., Wadsworth Road, 
Perivale, Middlesex, from whom further particulars are to be had on request. 


FSS 


BRITISH MADE 
UNIVERSAL JOINTS 
FOR EVERY PURPOSE 
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» i 
EDWARD PRYOR & SON LIMITED BROOM STREET SHEFFIELD |0 


The most authoritative work dealing with 


Marking Methods and Marking Devices 


-A text book as well. as a catalogue. 


7Z* Pages. profusely illustrated= with $5 
plates illustrations and diagrams 


PRICE 5f- ‘net post free 


YOR 














BoP Le 


BRITISH 
ENGINEERING 
PRODUCTS L° 


74 GT. Hampton ST. 


BIRMINGHAM |8 
Pyone NORrHean 041 
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CovENTRY SELF-OPENING 
DIEHEAD LANDMATIC DIEHEAD 


COMPLETE THREADING EQUIPMENT 


COVENTRY DIEHEADS AND DIES fin. to 4}in., simple to use, 
easy to set. Dies quickly inserted, withdrawn for sharpening, and replaced. 
Using the die-grinding fixture all four dies of a set are sharpened at the 
same time to the correct cutting angles. Dies cannot be ground properly by 
hand. The Book of the Coventry Diehead, sent free on request, gives com- 
plete instructions on use and maintenance of both dieheads and dies. 


LANDMATIC DIEHEADS in to 4in. using tangential long life chasers. 
The Universal grinding fixture which we can supply enables all cutting 
angles to be ground quickly and correctly. 

DELIVERY. We can now deliver promptly Coventry and Landmatic 


Dieheads and} Dies for cutting threads of all sizes and pitches in 
general use. 


ALFRED HERBERT LTD. COVENTRY 
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DIAL GAUGES 


& MEASURING EQUIPMENT 


COMPARATORS, THICKNESS GAUGES, 
TEST INDICATORS, HAND 
MICROMETERS, CYLINDER GAUGES 
*0001 in. *0005in. "001 in. *01 millimeters 


JEBATY cca) |“ 
39, VICTORIA SH) fic. 
The 
Toc 


awa 











For Gauges, Taps and 
all Precision Tools. 
Ensures maximum 

degree of accuracy 

after hardening. 


Steel! 
Makers 
since 
1776. 


SANDERSON BROTHERS & NEWBOULD LT? SHEFFIELD. ENGLAND. 
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is = re, ( : SA, a 
(PROBLEM XXIII. Write on one side of the paper only. — A me 
No cribbing. Draw a map and state your reason. If you ~ 

wish you may send a 6d. Postal Order.) ee 


A, B, C and D are four engineers. Disan A.C.2inthe = Ss_—\ 
R.A.F. with a C.3 brain and an A.1 girl in the A.T.S. The 


ae ' mM ee 
others work in munitions doing this, that and the other. 4% we we 
Now do you all know each other? Then here goes: =< os inp 26 
When A is using a certain portable drill he can drill as” ee 
many holes as any two of the others put together. But ———- — 
so could any of the others if they could get hold of the — ut —_—— 
drili. Unfortunately A is a big man and throws dirty looks _ a as 
and dark curses at anyone who tries to touch this par- , Q ot 6: 





ticular tool. B and C are very fed up about this. D doesn’t 
care because his mind is on his girl instead of his work. — 
The problem is why can’t B, C and D have Desoutter ——— 

Tools as well as—dash it, we've gone and given the answer ———----—_—— 
away. What? You knew all the time? 


























DRILL GUNS - SCREWDRIVERS - NUTRUNNERS - SHEARS - GRINDERS - COUNTERSINKING TOOLS 


BOLT MILLING TOOLS - DESOUTTER BROS. LTD., DEPT. R, THE HYDE, HENDON, LONDON,-N.W.9 


TELEPHONE: COLINDALE 6346-7-8-9 TELEGRAMS: DESPNUCO, HYDE, LONDON 





C. R. CASSON LTD, 128 
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INDEX TO ADVERTISEMENTS 


As a war-time measure the advertisement section of this Journa. 
ts now published in two editions, Aand B. Advertisers’ 
announcements only appear in one edition each month, advertise- 
ments in edition A alternating with those in edition B the follow- 
ing month. This Index gives the page number and edition in 
which the advertisements appear for the current month 
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The fact that goods made of raw materials in short supply owing to 
war conditions ave adveriised in ‘‘ The Journal” should not be taken 
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No. 2E All Electric 
The 1” bar capacity .... 


CAPSTAN LATHE 
and TOOL EQUIPMENT for 
HIGH PRODUCTION 


Orders can be accepted and delivery allocated only 
ou Certification of the Machine Tool Control. 


“TIMBRELL- WRIGHT 


MACHINE TOOL & ENGINEERING C2 L'? 
SLANEY ST. BIRMINGHAM 4 


Agents for London and Eastern and Southern Counties : George 
~ Hatch, Lid., Queenhithe, Upper Thames Street, London, E.C.4 
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F DERAL-NEWALL 


dicatocs 


Indicators can be supplied 
with a flat or lugged back, 
in the latter case the lug 
has a 4% diameter hole. 





DIAL DIAMETER -2}’’ e RANGE -0:020”’ or 0°200”’ 
GRADUATIONS - 0:0001’’ 


NEWALL ENGINEERING C L” 


PETERBOROUGH - NORTHANTS 


Phone: Peterborough 3227-9 * Grams: Precision, Peterborough 





SOLE AGENTS 
E. H. JONES (Machine Tools) LTD., EDGWARE RD., THE HYDE, LONDON, N.W.9 
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INSTITUTION NOTES 
December, 1942 


Fixtures. 


January 16—Yorkshire Section. Lecture on * Production 
Control ” by R. Appleby, A.I.P.E. 


Meeting of the Council. 


The Council met in London on Friday, December 18, 1942. 
Present: Mr. H. A. Hartley, Chairman of Council presiding. 
The following Members of Council attended : Messrs. J. E. Baty, 
J. W. Berry, J. H. Bingham, J. E. Blackshaw, R. Broomhead, 
J. S. Daniels, W. F. Dormer, H. A. Drane, E. P. Edwards, J. 
France, G. H. Hales, F.W. Halliwell, S. R. Howes, E.J.H. Jones, J.T. 
Kenworthy, R. Kirchner, Major C. W. Mustill, J. R. Pearson, 
R. D. G. Ryder, Dr. H. Schofield, Mark H. Taylor and F. C. White, 
also present : Messrs. A. L. J. Brain and A. L. Stuchbery (London 
Committee) and Mr. John Vaughan (Secretary, South Wales and 
Monmouthshire Section). 


Newly Elected Members. 


As Members: M. F. Bellwood, W. Bentley, W. A. J. Chapman, 
J. K. Clegg, J.T. W. Dewar, F. W. H. Lee, F.C. Newman, F. Ricks, 
C. Stain, F. G. Thorpe, F. C. Tudball, R. O. D. Wilkinson. 

As Associate Members : C. M. Anderson, D. E. Austin, H. W. J. 
Abbey, W. D. J. Annear, A. G. Burton, A. E. Balchin, C. O. Brooks, 
S. L. Cook, J. A. T. Crump, C. H. J. Cooper, C. E. Eavis, G. E. 
Field, G. W. Green, B. G. Horstmann, L. Harper, A. H. Leggett, 
L. S. Leese, F. Lee, A. Mitchell, A. Michie, A. G. Marshall, 
H. Newham, J. G. Nickson, E. J. Napier, J. T. Pallett, R. H. 
Pulfrey, E. R. J. Randall, G. A. Saville, W. H. J. Stockley, A. 
Smith, H. B. Thomas, H. L. Thomas, S. R. Trevillion, W. Winters, 
F. Walker, G. H. Wilson, S. G. Young. 

As Associates: H. Bradburn, G. Fefer, C. G. Heys-Hallett, 
W. T. Johnstone, E. R. Jacobs, J. F. Kayser, D. A. Miller, E. 
Overend, L. W. Robson, P. J. Swales, B. W. J. White. 


As Intermediate Associate Members: K. Archer, R. Ardaillon, 
C. J. Atkins, H. Bury, A. E. Bebbington, D. C. Curwen, B. E. 
Curran, W. R. Chambers, R. P. M. Cullingford, A. Chadwick, 
P. H. Cook, L. G. Carver, F. A. Eastwood, J. W. East, F. E. George, 
N. E. Hodge, E. E. Hempsall, V. A. Hayward, J. 8S. Hopkinson, 
E. A. Handscomb, A. Larnder, W. Mayall, A. H. Macbeth, D. 
Moffat, W.-B. Nivison, F. H. Nash, H. J. Nunn, H. J. O'Neill, 


_C. J. Parnaby, L. R. Pike, R. E. Riederer, W. A. Sykes, R. E. 
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Scott, A. J. Smith, R. A. Spencer, D. J. Sinclair, A. K. Tyreell, 
W. Tanner, J. W. Weston, A. D. White, W. G. Wyman, T. G. 
Wrighton. 

As Graduates: G. P. Archibald, J. H. Ayre, W. J. Armstrong, 
A. Beaumont, J. Beresford, W. H. Boswell, K. A. Bowker, F. C. 
Coupe, 8. T. Cutmore, E. Darwin, J. France, W. C. Gillam, R. T. 
Hurst, E. W. G. Harris, J. W. E. Hearn, W. H. Jackson, C.S. Kent, 
H. Kohn, A. F. Lovatt, E. Miller, E. L. Stead, R. F. Thompson, 
H. G. Whittaker, W. York. 

As Students : R. W. Bulpitt, R. Blore, R. E. Baldwin, B. Baker, 
A. A. Barrett, E. H. Cutts, M. Cohen, G. W. Crowther, J. A. Clegg, 
J. P. Clapham, C. L. Chopin, R. C. Dobbs, D. W. Emery, W. F. 
Fisher, W. Feder, P. Glaser, H. Gray, L. Hopwood, P. S. Halton, 
W. L. Hodgkinson, J. Irwin, J. A. Ireland, D. R. Maude, N. A. 
Miller, F. A. Mellors, D. A. Monger, A. D. McLean-Hill, J. W. 
Munro, D. H. Norcross, M. 8S. Nall, G. D. Newell, C. H. Parker, 
J. G. Patrick, H. R. Pendergast, L. H. Tuck, D. K. Wood, L. A. 
Waters, J. Winter, G. W. Wilmersdoerfer, P. Whiteley, B. H. 
Watkins, H. Ward, G. E. Wells. 

As Affiliated Firms: Clarkson (Engineers) Ltd.; Forgrove 
Machinery Co. Ltd. ; The Selson Machine Tool Co., Ltd. 


Transfers. 

From Associate Member to Full Member: C. T. Barton, E. R. 
Francis, F. P. Laurens, R. Swift, P. J. Westcott. 

From Associate to Full Member : H. Orenstein. 

From Intermediate Associate Member to Associate Member: H. C. 
Chapman, A. A. Gilbert, N. Noake, R. Rhymes, L. R. Ward. 

From Graduate to Associate Member : H. Coulthurst, J. G. Norris. 

From Graduate to Intermediate Associate Member: H.S. Franklin, 
J. Knight, T. J. Suffolk, O. A. Walden. 

From Student to Graduate: H. F. Box, N. Sykes. 


Higher National Certificates in Production Engineering : 
first list of passes. 

The Joint Committee for Higher National Certificates for 
England and Wales announces that the following candidates have 
qualified for Higher National Certificates in Production Engin- 
eering : 

(a) Northampton Polytechnic Institute, London. William A. 
Beattie, William F. Bennett (with distinction in Electrical Tech- 
nology), George D. Cohen, Samuel Death, Thomas G. Fisher, 
Alfred W. Millet, Max E. Schneider. 

(b) Keighley Technical College. Harry Bailey, Donald Potter, 
John Speak. 

(c) Loughborough College. The list will be reported later. 
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THE PRODUCTION OF STEEL CASTINGS 


Paper presented to the Institution, Yorkshire Section, 
by F. W. Rowe, B.Sc. 


OST engineers have a fairly clear idea regarding the 
M general methods used in making steel castings. It is not 
my intention, therefore, in a short paper such as this, to 
give particulars of methods, either of steelmaking or founding, 
which can be found in any standard textbook on the subject, but 
rather to touch on some points which are likely to create an apprecia- 
tion of the possibilities of steel founding and where an understanding 
of the difficulties of both the steel founder and the engineer would 
be to the benefit of both. I am well aware that steel castings were, 
up to recent years, viewed with some suspicion by engineers on 
account of the variability in quality which was likely to be found, 
particularly in regard to general soundness. This suspicion was 
quite justified. The quality of steel castings in general had not 
been up to recent years, of a standard which would justify 
engineers taking the fullest advantage of their possible uses. The 
causes of this standard of quality were largely economic within the 
industry, but in recent years much has been done to create new 
confidence both within and without the industry, and there is no 
doubt that future years will see a much wider use of steeel castings 
and a greater reliance on their quality and performance created 
in the minds of engineers. 


Steelmaking Processes. 


Steelmaking processes for steel for castings are generally similar 
to those for ingot steel, and the best practice for one is the best 
practice for the other. While the steelmaking process has un- 
doubtedly an influence on the quality of steel casting produced,’ 
its effect is by no means so marked on quality and soundness as 
other portions of the steel founder’s art. As will be mentioned in 
greater detail later, the soundness and quality of the casting depend 
to a much larger extent on methods of moulding and, in particular, 
measures to compensate for liquid shrinkage, than on the process 
used for steelmaking. 

It is, however, universally acknowledged nowadays that the 
highest quality of steel, whether for ingots or castings, is produced 


Leeds, February 14, 1942. - 
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in the basic electric arc furnace. This does not mean that the 
basic electric arc furnace, or any electric furnace, cannot produce 
bad steel ; in fact I might go so far as to say that there has been as 
much bad steel produced in electric furnaces as in any other type, 
but there is no doubt that the basic electric furnace, properly 
worked, :produces a quality of steel which is superior to that from 
any other process. The basic electric furnace also has the advantage 
that it can produce any analysis of steel satisfactorily, and is there- 
fore more flexible from an analysis standpoint than any other 
process. 

Probably the next best process, purely from a quality of steel 
standpoint, is the high frequency electric furnace which is being 





Fig. 1.—8-ton basic arc electric furnace. 


ever more widely used for lighter castings and in the production of 
high quality ingot steels such as high speed steel and stainless 
steel. It possesses the advantage of flexibility plus ease of quality 
control. 

Next in order of steel quality come the acid open-hearth and the 
acid electric processes, both of which are fairly similar in regard to 
the quality of steel they can produce, the acid electric having some 
advantage in that hotter steel can be made to cater for lighter 
castings and more complete deoxidation of the steel can be made. 
In both acid electric and acid open-hearth furnaces one is largely 
dependent on the quality and purity of the raw materials. 

Next in order of quality comes acid converter or Bessemer steel, 
represented in steel founding usually by the Tropenas and Stock 
converter processes. Here flexibility as regards analysis is limited 
and the steel, even when made to the best advantage, is richer in 
oxides and sgases than a well-made steel from other processes. 
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Converter steel has, however, advantages in another direction, 
in that the steel is usually extremely fluid and retains its life in the 
ladle well, which does help in producing castings free from shrinkage 
defects. Like the acid electric and open-hearth processes, acid 
converter steel depends as to its ultimate analysis a great deal on 
the analysis of the raw materials used, and very low sulphur and 
phosphorus contents are difficult to obtain as a commercial pro- 
position. Alloy steels are not, with the exception of 14 per cent 
manganese steel, usually produced by the converter process. The 
modern tendency in steel foundries, partly dictated by economic 
considerations and partly with the object of realising higher quality 
or obtaining greater flexibility, has been towards new installations 





Fig. 2._550 kVA high frequency melting unit with bodies of 30 cwt., 15 cwt. and 
5 cwt. capacity. 

being largely electric furnaces, and there does not seem to be any 

doubt that this tendency will persist. 

There is, however, another angle to this question of the quality 
of the steel which is used for making castings. This is the uni- 
formity of quality which may be expected from different processes. 
While each process may be capable, under skilful manipulation, of 
giving high quality steel, different processes do vary in their liability 
to produce unsound steel, 1.e., steel which is “ wild ” and gives. up 
gases on solidifying in the moulds, causing blowholes and sponginess. 
From this point of view also the steelmaking processes can be grouped 
in the same order as that given. Basic electric steel is probably 
the least liable to occasional poor heats and converter steel the most 
liable. These occasional “ wild ” heats, which sometimes happen 
even in the best regulated foundries, come without warning. The 
steel appears all right in the ladle and the castings on superficial 
examination look sound. After annealing and shotblasting, how- 
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ever, numerous pinholes appear on the surface or on machining 
holes are shown varying from pin heads to blowholes } inch or more 
in diameter. It is not suggested that all blowholes are due to 
“ wild ” steel, i.e., steel which gives up its gases (chiefly hydrogen) 
at the moment of solidification, as they may also be due to damp 
moulds or moulds which are badly vented, but a large proportion 
of such defects are due to poor steel. 


Moulding Methods. 


Steel castings are made in sand moulds of two types ; greensand 
moulds, with sand containing 3 to 5 per cent of moisture, and dry 
sand moulds, where the moulds are made with damp sand but 
subsequently stove dried to expel all the moisture. 

The sand used in both cases is either a pure silica sand or one 
containing a high proportion of silica. Sands for steel moulding 
must be highly refractory, as the pouring temperature of steel is 
very close to the sintering temperature of all commercial refractory 
materials, and even with the best sands a certain amount of fusion 
between the steel and the sand always takes place in difficult, por- 
tions of the mould, such as those portions adjacent to the runner. 
Greensand moulds are more largely used for castings of no great 
weight and of light section, and dry sand moulds for the heavier and 
more important work. It is generally conceded that there is more 
risk of defects in medium and heavy castings with greensand mould- 
ing, but with the greater attention paid in recent years to sand 
properties and sand control, the range of castings which can be cast 
in greensand moulds has been enormously increased. By con- 
trolling the moisture content, bonding material strength and 
permeability of the sand, and working under standardised con- 
ditions, there is nowadays no greater risk with greensand moulds 
than with dry sand within the field of castings for which they are 
suitable, and the greensand method has advantage over dry sand 
method in cost and other directions. 

In addition to these two methods of producing moulds, there is 
also the Randupson process of cement bonded sand, where all the 
advantages of a dry sand mould are obtained at less cost and with- 
out using steel or cast iron moulding box parts. The Randupson 
process gives a mould of much higher strength than greensand or 
dry sand with as high or higher permeability, and with thus less 
risk of scabs or blowholes and a casting which is truer to pattern, 
particularly in medium and heavy castings. Cement-sand mixtures 
are most suitable for medium and heavy work. 


Runners and Feeding Heads. 
That phase of the moulding process which influences to a larger 
degree the soundness and quality of the castings produced is the 
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method of running the casting and, more important still, the 
provision for liquid shrinkage. No other portion of the steel 
founder’s art has so much influence on the resultant quality of the 
casting, and it is here where the skill and experience of the steel 
founder is most needed. Steel has a far higher liquid contraction 
than most cast metals, and has a high contraction after it has solidi- 
fied. Volume contraction in the liquid state and during solidi- 
fication varies (chiefly according to the casting temperature) from 
5 to 7 per cent, and during cooling down after solidifying about 4 
per cent. In addition to porous spots caused by inadequate 
compensation for liquid shrinkage, cracks and tears can be very 
prevalent if suitable means are not adopted in moulding to avoid 
them. Properly catering for liquid shrinkage in steel castings is an 
expensive matter. The net yield on steel castings, i.e., yield of 
good castings produced to metal melted, is, in average work, not 
much higher than 50 to 55 per cent. On heavy work the yield is 
somewhat higher than this, but on light work it may be less. That 
is, for every 100 lb. of metal melted, only 55 lb. of steel castings are 
produced. Since molten metal in the ladle costs £10 to £15 per 
ton, and the feeding heads after being removed are only worth 
£A to £5 per ton, it will be seen that the cost of providing adequate 
feeding heads forms an appreciable proportion of the cost of making 
a steel casting. In addition, of course, the heads have to be cut off 
and the place where they have been, ground down or otherwise 
dressed. There is always a temptation, therefore, for the foundry- 
man to increase his yield. Whilst much may be done in this direc- 
tion by proper design of castings and careful study of shrinkage 
phenomena, there is no doubt that a great many of the shrinkage 
cavities and porosity found in steel castings are due to inadequate 
feeding heads or feeding heads badly designed or put in the wrong 
places. 


Design for Steel Castings. 


Every foundryman will agree, however, that many of the steel 
castings designed by engineers are such that it is an almost impossi- 
ble task to secure a perfectly sound casting. Engineers can be of the 
greatest help, both to the steel founder and themselves, in study- 
ing carefully the design of new castings from the founder’s point of 
view, and in the alteration of design of castings which have proved 
troublesome. It is admitted that relatively little information on 
the effect of design has been put in the hands of the engineer, and 
such will only come from co-operative effort. The interest of 
engineers in steel casting design has been aroused in recent years, 
and the increasing use of steel castings, and the heavier demands 
which are now being made arising out of more exacting needs, 
have all helped in this direction. 
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In addition to the troubles which may arise due to liquid shrink- 
ing, appreciable changes in section and sharp angles contribute to 
uneven contraction of the steel after solidification and frequently 
cause hot tears or cracks to form after the casting has solidified. 
It is appreciated that it is impossible to design castings with even 
section throughout except in the simplest cases, and it is also 
impossible to eliminate by design all stresses which might cause a 
casting to tear after solidification, but considerable improvement 
can be effected and thus make it easier for the foundryman to pro- 
duce a casting completely solid and free from contraction tears and 
stresses. 

Any portion of a casting which is thicker than the general section 
is a potential source of either a shrinkage cavity or a crack or tear. 

















@ZZZICONTRACTION IN LIQUID AND SOLIDIFYING STATE 
GBBBB CONTRACTION IN SOLO STATE 


LIQUD AND SOLID CONTRACTION OF STEEL iN COOLING 
DOWN _FROM_1580°C 





Fig. 3.—Diagrammatic illustration of liquid and solid contraction in steel. 


Obviously the thickest portions of the casting are those which are 
the last to solidify, and it will be these that contain shrinkage 
cavities unless they are fed from a head containing still liquid 
metal. Again, they will remain hotter than other portions of the 
casting in cooling down, causing unequal contraction and the 
liability to cracks or residual stresses. Junctions of one portion of 
a casting with another, unless carefully designed, are potential 
sources of weakness. For instance, the common right angle junc- 
tion between one portion of the casting and another is always a 
source of trouble if not properly designed. Figure 4 shows a 
common type of junction which, unless fed with a separate head at 
the thickest section, will show a cavity or porous spot as indicated. 
The design shown alongside (though it is agreed that such a perfect 
design may not always be suitable) correspondingly can give no 
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trouble and is just as strong as the more common type shown on 
the left. ‘Although the cross section of the good design is smaller 
than that shown in the bad, greater confidence can be placed in it 
because of its complete soundness. 

Where “T” sections and “ X ” sections are used in castings, 
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WRONG RIGHT WRONG. a 
Fig. 4 Fig. 5 
Fig. 4.—Right angle junction showing cavity which occurs unless properly fed. 


Fig. 5.—‘* T’’ section showing cavity which occurs in normal design and design 
which eliminates cavities. 


the design, wherever possible, should be modified to prevent the 
mass of metal which obviously hollows such a junction. Figure 5 
shows the normal design of a “T” section, and on the right a 
much more suitable design, while Figure 6, left, shows how “* X ” 
sections should be disposed to give soundness of metal without 
trouble to the founder. Designs are often encountered in which 
an area of heavy metal is attached to all sides to metal of lighter 
section and so located that the foundryman has no opportunity to 
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pede HYDRAULIC _ CYUNDER 
Fig. 6 i Fig. 7 


Fig.6.—" x” section showing cavity which occurs in normal design and design 
which eliminates most of the cavities. 


Fig. 7.— Hydraulic design showing (a)top half, original design giving contrac- 
tion cavity, (b) bottom half, corrected design with ring welded on. 


put a feeder head to compensate for liquid shrinkage in this portion. 


Such a design is a difficult problem for the steel founder and should 
be most carefully studied to see if some coring out to lighten the 
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section cannot be made, or if the section at that point cannot other- 
wise be made lighter. 

Figure 7 shows a hydraulic cylinder in which this design defect is 
apparent, whereas a much better design would be to use a rolled 
steel ring welded on separate from the casting afterwards. The 
extra thickness of metal at the mouth of the cylinder is usual and 
causes no difficulty since at this portion of the casting a head can 
be, and is, placed in any case, and is helpful to the feeding of the 
lower portions of the casting. 


Closing and Casting. 


After the moulds and cores have been made, the complete mould 
assembly is done in an operation known in the foundry as “ closing.” 
The boxes are weighted or clamped to prevent the metal -running 
out and the complete mould cast. For all except the lightest 
castings, the best steel foundry practice is to use a bottom pouring 
ladle to eliminate the possibility of slag going in with the steel. 
All castings up to about one ton in weight, except those of delicate 
section, can be knocked out immediately ; in fact, if there is any 
heavy coring it is desirable to do so to relieve contraction stresses. 


Shotblasting and Dressing. 


The next operation is to shotblast the castings, or at any rate 
clean round the heads, so that they can be burnt off with an oxy- 
acetylene torch prior to annealing or other heat treatment. If 
possible, also, any minor defects that are apparent should be re- 
paired by welding at this stage. Engineers often hold up their 
hands in horror when they hear that steel castings have been welded, 
although they apparently gladly employ a completely fabricated 
structure, where the whole of the strength depends on welding, 
without any misgivings. 

If the surface appearance of a casting indicates that it is possibl> 
a defect may lie under the skin, it is far better to cut this out fully 
and weld than to ignore or hammer over the defect. Small tears and 
cracks are similarly dealt with, these being fully bottomed with 
pneumatic chisels and welded with metal of the right composition. 


Heat Treatment. 


Carbon steel castings and most alloy steel castings are then 
annealed. The mechanical properties of steel castings as regards 
tensile strength, elongation, reduction of area and impact strength 
are to a very large extent dependent on the thoroughness with which 
the heat treatment, whether it be annealing, normalising or harden- 
ing and tempering, is carried out. The condition of the steel in the 
“as cast’ state has the poorest mechanical properties and con- 
sists of large crystals. Annealing at temperatures from 900 to 
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1100° C, dependent on the type of steel, for the requisite period of 
time dependent on the thickness of the casting, removes this coarse 
structure by recrystallization and substitutes a fine grained struc-' 
ture. While the term annealing (which means cooling down slowly 
in the furnace after maintaining a high temperature) is commonly 
used, most castings benefit from being cooled in air after annealing 
rather than slow cooled in the furnace. Very large castings, or 
castings with great variation in section, where contraction stresses 
may be set up by differential cooling, are an exception to this rule, 
but where normalising is practicable a rather higher tensile strength 
a smaller grain size, and higher shock strength are obtained with 
very little, if any, reduction in the ductility. Again, while harden- 
ing and tempering are commonly only used with alloy steel castings, 
most carbon steels would benefit from this treatment in the same 
manner as forged steels. 

Greater realization of the importance of the annealing, normalis- 
ing, hardening and tempering operations (the exact treatment 





Fig. 8.— Battery of modern electrically heated furnaces for the heat treatment 
. of steel castings. 

depending on the class of steel and type of casting) has arisen in 
recent years. It is now beginning to be appreciated that anti- 
quated furnaces, with variable temperature conditions inside the 
furnace and with wide fluctuations of temperature during the heat 
treatment operation, do not by any means enable the founder to 
realise the best physical properties of the steel. In particular, 
the shock strength of the steel is likely to suffer from haphazard heat 
treatment, which is the only heat treatment possible with many 
old designs of furnaces. 

Furnaces for the heat treatment of steel castings should be as 
rigidly controlled, both for time and temperature, as any other 
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metallurgical heat treatment. The rate of input of heat should be 
controllable and the maintenance of specified temperatures within 
close limits should. be easy and practicable, and preferably auto- 
matically controlled. These conditions are most.‘easily obtained 
and best realised in an electrically heated furnace; but, with care, 
equal results can be obtained in gas fired furnaces. The difficulties 
in this direction are much enhanced in solid fuel fired furnaces. 

The illustration in Figure 8 shows a portion of a battery of 
modern electrically heated furnaces for the annealing and other heat 
treatment of steel castings. The furnaces have bogie hearths and 
automatic temperature control, and the rate of heat input can be 
varied to suit any metallurgical requirements. 

Similarly, if castings are to be oil or water canbe and tempered, 
proper designed tanks with circulating and refrigerating systems are 
needed. It is not sufficient to dump the castings into a tank of 
oil or water. The oil or water must be circulated at a definite 
speed through the tanks, not merely to prevent excessive tempera- 
ture rise in the quenching medium but to ensure fresh cool oil 
or water constantly passing over the surface of the castings. 

Final Dressing. 

After the annealing treatment, castings are again shotblasted 
and thoroughly dressed with portable and fixed grinding wheels 
and pneumatic tools. 

The labour costs for these operations are usually more than any 
other single labour cost. All fins, flash, and joint marks are re- 
moved and all burnt-on sand which has not been moved in the shot- 
blast operation. Castings which afterwards have to be heat 
treated are then subjected to the final hardening and tempering 
operations, and are then ready for final inspection. 

Alloy Steel Castings. 

Increasing use is being made by engineers of alloy steel castings, 
and the saving in weight and the greater load carrying capacity 
which can be secured by alloy steel castings, is being steadily 
appreciated. An alloy steel casting, properly made and heat treat- 
ed, has physical properties quite as good as a forging of the same 
composition, and, whilst it is expensive to achieve the same. degree 
of soundness, this can be done and often results in a much cheaper 
finished article. 

Where the strength of a forged steel is required, such should not 
be made as castings where simple forgings or die stampings can be 
used, but in a great many cases the shape which the designer 
requires cannot be secured from a forging except by very excessive 
man-hours in machining, and here it is always worth while to in- 
vestigate the cost of a steel casting in terms of the finished product, 
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i.e., whilst a steel casting may, judged on price per ewt., be very 
much more expensive than a normal steel forging, the fact that 
greater latitude in shape and design is permissible very often means 
that a properly heat treated alloy steel casting will fulfil a duty 
where no other type of construction is possible. For these par- 
ticular duties it is more than desirable that the founder should 
have an opportunity of co-operating in the design, and a certain 
amount of experimentation may be needed for new designs. 


Inspection, Testing and Control of Steel Castings. 


The quality of steel castings is to a large extent dependent on 
the care and control exercised during manufacture and the data 
furnished by constant inspection of the finished product and its 
use for future guidance. Practice in steel’foundries varies, depend- 
ent greatly on the type, difficulty and service requirements of the 
castings they produce. Obviously those foundries who are able 
to undertake the varied class of work, both as regards analysis, 
physical properties and type, and who cater for the most difficult 
castings, have facilities and organisation for inspection and control 
far in advance of foundries doing relatively unimportant work in 
the cheaper fields. Those in the former class have research, labora- 
tory, technical and inspection costs equal to 4 to 6 per cent of the 
value of the turnover, but such costs are amply repaid in greater 
realiability of the product and the more ready demand their pro- 
ducts command, and in a less number of complaints and rejections 
from customers. 


Metallurgical Controls. 


In a large measure, to secure standardisation and increase the 
quality of the castings, the controls are in the hands of a technical 
staff. An important part of the controls is that concerned with the 
quality of the steel. This is naturally more extensive if the foundry 
is making a number of types of steel and by different processes, 
For instance, in the basic electric are furnace, where raw materials 
are largely scrap, incoming scrap has to be graded for analysis and 
type, and a watchful eye kept on the segregation of heads and runners 
in different parts of the foundry. As soon as the bath is melted 
a sample is taken and analysed for at least carbon and phosphorus, 
so that the metallurgist in charge of the furnace can see that the 
carbon content lies within the specified limits to secure proper 
reactions during the “ oreing-down ”’ period, and that the oxidising 
lime slag is doing its work properly in removing phosphorus. From 
the same sample the manganese content is estimated, and if the 
steel is an alloy steel the analysis of the alloy elements obtained 
from the scrap is done. Speed is very essential at this stage to 
guide the melting shop staff, and it is usual to furnish the carbon 
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and phosphorus estimates within 15 minutes of a sample being 
taken, and the other elements within 30 minutes. If insufficient 
reduction in phosphorus is being obtained the first oxidising slag 
may have to be taken off and a new lime slag substituted, in which 
case a further bath sample is taken before changing the slag to the 
deoxidising or refining slag. At this stage the additions of alloy 
elements, such as nickel, chromium and molybdenum are made 
(the quantities dependent on the first bath sample analysis) and 
the contents of the bath again checked to see that the steel conforms 
with the desired specification, having regard to such losses as 
may occur during the refining process and such additions as are 
made in the last stages. Thus two, three, or even four analyses of 





Fig. 9.—Rapid analysis of bath samples. 


the steel are made during the steelmaking process on each cast, 
and the final analysis is made from a sample taken from the 
ladle after the furnace has been tapped. With a furnace of 3 tons 
capacity and upwards it is usual to cast at least one test bar with 
every heat, and on important alloy steels two or three ; these, of 
course, in addition to test bars cast integral with any work which 
has to meet any of the inspection authorities’ requirements. One 
of these is put through a full heat treatment cycle under laboratory 
conditions, and others go through the heat treatment cycle with 
the work from the same cast, which provides a check on the effici- 
ency of the works heat treatment operations. 

In steelmaking, also, it is beginning to be appreciated how much 
temperature control during the various periods of melting influences 
the efficiency of refinement and deoxidization, and increasing atten- 
tion is being paid to molten steel pyrometry, and much useful inform- 
ation and helpful controls are now being increasingly used. Absolute 
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THE PRODUCTION OF STEEL CASTINGS 


temperature measurement between 1550 and 1700° C has presente.t 
quite a few problems in pyrometry, but co-operative effort through- 
out the steel industry has now enabled suitable instruments to be 
put in the hands of the steelmaker. In any good foundry, also, 
research on composition and steelmaking practice is always con- 
tinuous in a successful endeavour to raise the general standard of 
cleanliness and physical properties of steels. Indeed, today, the 
purity and physical properties of high grade electric steel show a 
marked improvement over practice even five ‘years ago, with a 
concomitant increase in load carrying capacity. 

In addition to the control of raw materials and steelmaking 
processes, the technical staff of a steel foundry today pays con- 





Fig. 10.—Sand testing laboratory. 


siderable attention to sand controls, both as regards the strength, 
tensile compression and permeability of the various sand mixtures 
and the bonding materials which are used, such as colloidal clay and 
core oils. 

Investigational work is usually proceeding on the design and 
distribution of feeding heads and runners, and refractory materials 
(such as furnace and ladle linings, nozzles, sleeves and runners) 
and refractory facings, washers, and new sands are under test all 
the time. 


Radiology. 

Much more attention is being paid today in the steel casting 
industry to the possibility of radiographic inspection, and there is 
no doubt that increasing use will be made of radiology, either by 


X- or gamma-rays, for locating flaws in castings which might other- 
wise pass unnoticed. Radiology is of the greatest possible help in 
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building up correct technique for moulding castings, particularly 
with regard to the efficiency of runners and risers, and is invaluable 
for the inspection of heavy stressed steel castings where hidden 
flaws of any dimensions may prove disastrous in service. Although 
only two or three steel foundries have X-ray plants yet in this 
country, there is no doubt that the use of radiology for inspection 
purposes will spread particularly for important castings., 
Investigational work on steel castings is also much helped by the 
use of magnetic testing for location of surface cracks. The illus- 
tration in Figure 12 shows a modern type of magnetic tester used 
for this purpose. Fine contraction cracks and cracks caused in 
heat treatment are difficult to detect with the naked eye, par- 
ticularly after shotblasting which may peen the edges of the crack 





Fig. 11,—300 kV X-ray plant for investigational work on steel castings. 


over, but a magnetic tester such as this working, of course, with 
iron dust suspended in paraffin and sprayed on the casting, forms 
an easy means of detection. 


Conclusions. 


In conclusion, the author would emphasise that the production of 
really sound steel castings is a difficult art and, while such are 
obviously desirable and necessary, they can only be achieved with 
the full co-operation of the designer. It should be remembered 
that, despite the many advances which have been made in the art 
of founding other metals, cast steel gives a far higher strength for 
a lower volume of metal than any other cast material, and gives a 
higher fatigue strength than any other cast material for the same 
weight. There is no doubt that the field for the use of steel castings 
has only been scratched. 
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When alloy steel castings are taken fully into consideration it will 
be found that they are the most economical material for a large num- 
ber of engineering parts. Wherever a structure is too complicated to 
permit of a simple forging or stamping in steel, close investigation 
will show that the lowest total cost of a part (comparable with equal 
strength and realibility) can most often be realised by means of a 
steel casting. Admittedly, a good deal more work remains to be 
done both in the design and research on steel castings, and it is 
unfortunate that in many aspects we are not so advanced as some 
other countries. Steel castings of the type which will be of the 





Fig. 12.—Magnetic testing for surface defects, 


maximum service to the engineering industry can only be produced 
by steel foundries whose plant and equipment is modern and in- 
stalled with a full regard for quality, and whose metallurgical 
controls are extensive and thorough. While practical experience 
is, as in any other industry, of the utmost value, it must to-day be 
backed up by modern equipment and sound and expert metallur- 
gical knowledge, with first class laboratory facilities for control, 
investigation and research. 

Given these things, plus an intelligent and forward outlook on the 
part of the engineer and designer, there is no doubt we shall in the 
future achieve engineering productions embodying the use of steel 
castings which are far in advance of anything we are doing,today. 
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Discussion 


Mr. BerrRipce: One of the main themes of the excellent 
lecture by Mr. Rowe has been the necessity of co-operation between 
the Drawing Office and the Steel Foundry, with regard to correct 
designs for producing good castings. Normally, the drawing 
and pattern is made before the casting price is obtained from one 
particular foundry, and than perhaps in some cases the job is 
ultimately given to a different foundry. Instead of discussing this 
ideal of co-operation and leaving this lecture room with it in our 
minds, could not some scheme be formulated now? Has Mr. 
Rowe any suggestions on this view-point ? 

Mr. F. W. Rowe: The soundness of Mr. Berridge’s remarks is 
appreciated. Co-operation between the designer and the steel 
founder is bound to lead in the long run to a lowering of the cost 
of sound steel castings, because in some part of the industry and at 
some time someone has to pay for defective castings. On the other 
hand, sound designing in co-operation with a steel founder will 
give the lowest ultimate loss in the steel foundry, and co-operation 
will also prevent steel castings being used where other forms of 
construction are preferable and will give the opportunity for the 
founder to point out obvious economies and suggest where steel 
castings are more suitable than other types of construction for 
certain parts. I would also suggest that consumers of steel castings, 
when they come across defective steel castings in their own shops 
during machining, should examine these carefully to see whether 
the fault does really lie with the steel founder or whether the de- 
fect is something caused by poor design. 

Mr. G. D. Pickard: We get a lot of faulty castings. Some- 
times we find blow holes in these and sometimes weld metal, and 
occasionally we find that there is more weld metal than cast metal. 
We know that it is difficult to do without this, but one thing that is, 
is that the weld metal that is put in is very much harder than the 
cast metal, which leads to difficulties in machining, and I should 
like to ask Mr. Rowe whether the foundries are not able to remedy 
this, and make the added metal as easy to machine as the parent 
metal, which would not be very easy in any case as the parent metal 
itself is difficult enough sometimes. 

Another point is in connection with alterations to the design of 
castings with a view to reducing the possibility of blow holes. In 
my business a lot of angle rings are used, and whilst it may be very 
desirable to do without the square corner inside and make an inner 
corner radius, it is impossible in view of the duty the ring is to 
perform, so that it is up to the Steelfounder to apply sufficient 
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feeding heads to fill that cavity, and the price of :teel castings is 
such to-day that there is no reason why they should not do this. 
I quite agree that :teel castings have not risen in price as:much as 
some other productions, and that present prices are probably 
justifiable in view of the high cost of installing and operating the 
elaborate laboratory control which has been illustrated, but I 
would like the Steelfounders to bear in mind that there will not 
always be more business than they can cope with. After the war, 
the Steel Ring would do well to scale their prices down for, if business 
falls off, as it will, :teel castings will otherwise be superseded to a 
con siderable extent by weldings. One particular case in our 
own works is that of a large flanged pipe. We used to buy these in 
considerable numbers before the Ring was formed. The price was 
put up and I warned our suppliers that they would not stand 
another rise, but they were not to be deterred and advised another 
increase. Tools were made to produce this as a welding, since when 
we have fabricated several hundreds and they will never get that 
business back again. 

Mr. Rowe: As regards the weld metal in steel castings being 
harder, this I would suggest is largely due to the fault of the foun- 
der in doing the welding at the wrong stage. If any welding is 
required, this should be done before the castings are annealed or 
heat treated, or the castings re-annealed and reheat treated after 
welding has been done. If such a procedure is followed there is no 
reason why the weld metal should be any harder than the parent 
metal. 

It is impossible for the designer always to conform with ideal 
rules. This the steel founder appreciates, but provided the places 
where contraction cavities are likely to occur are placed in such a 
position that the steel founder can get suitable heads on the castings 
to feed them, sound castings are relatively easy. On the other hand, 
many of the designs put forward by engineers are such that proper 
feeding is well nigh impossible and it is these instances where a 
strong plea is made for reconsideration of design. 

As regards welded construction, there are still some designs 
which are made as steel castings which would be better as welded 
construction. On the other hand, there are many parts made 
fabricated which would be more economic as steel castings, and 
better suited for the duties. Close co-operation between the designer 
and the maker—whether he be steel founder or fabricator—would 
result in the most economic and suitable process being applied. 
On the other hand, the designer should remember that the field is 
widening for steel castings, particularly with the rise in the use of 
alloy steels for castings, and with greater attention to design and 
improved technique in founding, the field would be a good deal 
wider still. Obviously, of course, there is no permariént gain to the 
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steel foundry industry to make parts which would be better and 
more economically made as forgings or as fabricated construction. 

Mr. CrawsHaw: Mr. Rowe, I gathered from your address that 
we have not, in this country, the same facilities as others for the 
production of steel castings. This was rendered apparent by some 
British castings we had and some which came from America in 
recent times. They were the same parts, but the Americans were 
more easily machined, while the British were none too good. * 

Why are we lagging behind, and for what reason ? 

Mr. Rowe: I happen to know the particular castings to which 
Mr. Crawshaw refers. The sole reason in this instance that the 
American castings were much easier to machine is that the speci- 
fications as regards composition and heat treatment of the castings 
is quite different from the British specification. The American 
specification calls for 53/58 tons tensile, whereas the British speci- 
fication calls for 65/72 tons tensile, hence the difference. 

Mr. H. W. Wyatt: Mr. Rowe, at the beginning of his address, 
expressed a preference for the basic arc type of furnace, but he 
did not give us any details as to “why and how” he had that 
opinion. Next to that, he placed the inductive furnace, and, 
when we consider that the inductive furnace has the powers of 
uniformly heating metal—and using his own words, “ what you put 
in, you get out ’”—I think perhaps it would be just as well to explain 
why he preferred the basic arc furnace. 

Mr. RowE: Without, I hope, being too dogmatic, the main 
reason why I prefer the basic are electric furnace in front of the 
induction furnace, as regards quality, is that whilst you get out 
of the nduction furnace as good metal as you put in, you can get 
out of the basic are electric furnace much better metal than is 
put in. In other words, full refining, both as regards removal of 
impurities and deoxidation, can be carried to a further degree in a 
basic ere electric furnace. Steel can be made more pure and more 
clean in the basic are electric furnace than in any other steel- 
making process. 

Mr. R. W. WuittLte: Mr. Rowe very kindly extended an in- 
vitation to me to visit his plant from which the slides were taken, 
and I spent a very interesting day in his care going over the whole 
of the production departments. 
| After suffering, for rather longer than I care to think, from blow 
holes and other steel casting defects, I came to the conclusion that 


uniformity and co-operation were the only channels through which | 


there was a possibility of our availing ourselves of the technique 
and research which obtains in the plant under review. 

During a wireless broadcast one evening recently there was 
mention of castings assuming the nature of Gruyere cheese, which 
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reminded me of an incident which occurred about thirty years 
ago, when a steel casting was being machined which developed a 
very large blow hole, which one of our fellows said must “ weigh 
quite half a ton.” 

Reviewing the situation from a Production Engineer’s point of 
view, this question of uniformity and co-operation extends much 
further than perhaps one imagines. The question of fabrication 
of parts was not entirely brought about by the difficulty of getting 
workers in the foundry, but, in a measure, through the difficulty 
of obtaining continuity of product through strikes and other causes. 
About twenty-five years ago, when Moulders went on strike, Produc- 
tion Engineers had to do something to help themselves, as a result 
of which forging and welding received so much attention that 
this accounts for a large amount of fabrication now going through 
the various works. 

A great deterrent to quality in many industries has been the 
bug-bear of price and price wars, and at a time when business is bad 
many people have the idea that it is better to take work at any price 
than have the foundry standing. This results in much necessary 
detail being eliminated, reduction of staff, etc., which in turn 
produces the resultant troubles in bad castings. 

I have noticed recently that much is being done in the study of 
pattern form and alteration as between the Draughtsman, the 
Founder, and the Production Engineer with considerable benefit 
both in the design of machine tools and the amount of material 
to be removed by them. At the present time, one can see in different 
casts of bombs of large size, different pattern design, which, in 
some instances, causes the necessity of large amounts of super- 
fluous material to be removed, which, in turn, requires heavy 
machine tools to accomplish it. 

The Production Engineer who travels from one factory to another 
at the present time notices at what an amazing rate progress is 
being made in change of design and the specialised machine tool 
operations which are being adapted to mass production. In the 
large shadow and Ministry factories which are now being equipped 
throughout the country the engineer finds his machine tool dream 
coming true, and it will be difficult for many post-war engineers to 
keep pace with their contemporaries if they have been unfortunate 
in availing themselves of the opportunities at present afforded. 

I hope the Institution of Production Engineers will take every 
opportunity during the coming months for their members to visit 
various factories in the districts in which branches are operating, so 
that the members may be fully acquainted with the plant being 
operated by their friends. 

Mr. Rowe: I must thank Mr. Whittle very much for the most 
helpful suggestions and advice he has given us all. In Mr. Whittle, 
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we have a most experienced engineer, and all of us who know him, 
and realise the vast fund of experience and knowledge which he has, 
appreciate the sound type of advice he has given us today. 

Mr. T. N. Sutra: On the subject of co-operation, | would just 
like to have one word and this is it. Before the war, the steel 
foundries used to have representatives who came round to see us 
and they used to see the patternmaker and designer and discuss any 
problems which might have arisen. Since the war, owing to the 
lack of labour and travelling facilities, we no longer see that represen- 
tative and we as a firm of steel casting users find that we are at a 
disadvantage. We admit that our designers and patternmakers 
are still making mistakes from the point of view of the stcel foundry 
and there is no doubt these will be lessened by closer co-operation. 
Do you not think it a good plan to consider sending a technical man 
round from the steel founders to see the users sometimes / 

Mr. Rowe: The ignorance of the designer and pattern maker is 
to a large extent the steel founder’s own fault. The steel founder 
is generally a relatively inarticulate person and very often, he would 
rather attempt to cope with these nearly impossible designs than 
raise a complaint against the designer, but if the designer would 
consider the liquid contraction which has to be catered for in any 
steel casting, he would realise that he is setting problems that are 
almost impossible, and he ought to realise when grumbling about 
high price how much a steel founder’s costs are enhanced by trying 
to cater for these almost impossible demands of the designer. 

Cartan L. J. SARGEANT: | saw a little while ago a leaflet got 
out by F. A. Hughes & Co., which gave very useful points for 
designers to watch when they were using Elektron metal. I 
obtained copies of this and distributed them to my chief draughts- 
men and principal people. After listening to this most interesting 
lecture, I feel that steel founders might get out a similar sheet 
emphasising the points which Mr. Rowe has brought out in the 
lecture today and illustrate these points in that simple, clear and 
straight-forward way, and distribute these to their customers. I 
am sure they would find them useful. 

I should like to add a word as one who has been at the customers 
end with regard to steel castings for some 35 years—I have proved 
to my own satisfaction that it does not often pay to buy steel cast- 
ings at the cheapest price. 

I remember many years ago, when [ was on the shop floor, 
protesting to the supply oificer about some steel castings which he 
had bought, basing my protest in the first place on the amount of 
welding that had to be done. His reply was that in fixing up the 
contract he had allowed 5/- per cwt. for welding and still the supplier 
of these castings was cheaper than a competitive firm who had also 
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been invited to tender. I tried to point out to him that 5/- a cwt. 
even if it paid for the welding, would not pay for the cost of a 
disturbed organisation, which it was almost impossible to assess. 

I would from my own experience stress the need for fair and 
reasonable dealings of steel founders by the buyers when conditions 
favour the buyers. I know of cases during the depression where 
any buyer who had a good steel order to place could go to a steel 
founder and demand a 15 per cent or 20 per cent cut below the 
market price, which the wretch.d producer found very hard to 
refuse knowing of his half empty foundry behind and the overheads 
piling up. Where I had anything to do with it, I always refused 
to adopt these tactics and I have found since that the good will so 
created was worth a great deal more than the saving when the 
conditions changed round, as they do, and always will do, periodi- 
cally. I mention this because it all helps to build up that at- 
mosphere of co-operation between the founder and user which is 
so necessary if the best over-all result is to be obtained, and I must 
say I have always had a great admiration for the way the steel 
founder tackles his job and the help he is prepared to give when 
difficulties arise if he is only asked and treated as a human being. 

Mr. Rowe: I most heartily endorse Captain Sarjeant’s words 
referring to a code for designers. I think that something ought 
to be done, and I will use his suggestion in the right quarters. 

I was very pleased to have his remarks on the apparent savings 
in cost by buying steel castings cheaply. These savings are only 
apparent. A few pence or shillings saved in cost per ewt. can easily 
be lost in delays in the production line ; costs which are very difficult 
to assess. 

As a steel founder, I was correspondingly grateful for Captain 
Sarjeant’s obvious sympathy with our position when dealing with 
certain types of buyers. Unfortunately, after the last war, the 
steel founding industry was left with a capacity far higher than the 
demand, which led to considerable price cutting with deteriora- 
tion in quality. 

Mr. R. Foster: In regard to co-operation between founders and 
production engineers, I think the pattern maker should not be 
forgotten. A very important question is that of drawing. Gener- 
ally, engineers send into the pattern shop a drawing of the finished 
machined article showing by symbols parts that are to be machined. 
A pattern maker probably thinking in terms of iron, although work- 
ing on a double contraction rule, can, by adding the little extra 
machining on the pattern, probably in an inaccessible position for 
headers, be responsible for a change in section at an important part 
of the casting, i.e., the machined part. Therefore, if the engineer, 
while designing for steel castings and keeping the section of casting 
as uniform as possible, must do so as a steel casting and not as a 
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finished machined article. Ifa pattern drawing was issued show- 
ing the article as cast, not machined, I think you would find that 
you would have less faulty castings sent back. Little things like 
this would help in giving a better job. 
Mr. Rowe: I quite agree with what Mr. Foster has said, and 
it has struck a chord in my mind on a similar position, which I 
rather hesitate to mention at a gathering of engineers. It is this ; 
I can never understand why engineering firms should think it an 
economy to make its own patterns for steel castings. 
“The difficulties to the steel founder are always enhanced by 
‘this, as an engineer’s own pattern shop does not know the require- 
ments of the steel founder. If the steel founder had an oppor- 
tunity of making his own patterns, economy both in manufacture 
and subsequent machining would generally result, and the <teel 
founder would also have a better chance of producing sound cast- 
ings. The savings in an engineering shop making its own pattern 
‘are infinitesimal and not worth the trouble and risk involved to the 
steel founder. Any good steel foundry would prefer to make its 
‘Own patterns for any particular job, as it realises that it often has to 
adopt uneconomical methods of moulding and pouring and take 
‘ greater risks'of unsound castings due to the patterns having been 
. made by the engineer without full appreciation of the steel founder’s 
needs. 
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FIRST REPORT OF THE WELDING SUB-COMMITTEE 


OF THE INSTITUTION OF PRODUCTION ENGINEERS 


Many months ago the Technical and Publications Committee 
recognised the value of welding as a production tool. It was there- 
fore decided to set up a Welding Sub-committee, and it was my 
pleasure, as Chairman of the Technical and Publications Com- 
mittee at that time, to initiate this Sub-committee under the 


Chairmanship of Mr. J. T. Knight, A.M.L.P.E. 


The first task confronting the Committee was to decide, within 
the vast field of welding (embodying as it does so many variations, 
what should be the correct priority governing its activities. 

It was decided, and I think it was a very wise choice, that the 
inspection of Welding was of primary importance. Members felt 
that the value of a process, and its acceptance by Designers and 
Production Engineers, varies in direct relationship to the manner 
in which the standard of performance can be measured. In the case 
of welding, it has long been a disadvantage that these standards 
of performance are not capable of exact measurement in quite 
the same manner as many other processes of production. So much 
still depends on the abilty of the individual welder, and, generally 
speaking, the more the human element has to be relied upon in 
a production process, the more difficult it becomes to control. 
The Inspection of Welds therefore was accepted by the Committee 
as being its guiding principle. 

Since that date the Sub-committee has consistently followed 
this policy and decided to commence its investigations into the 
quality control of resistance spot welding, which is probably more 
widely used than most other types of welding. It is now, after 
many months, in a position to issue its first report, which will be 
found below. 


I would like to congratulate the Sub-committee on this initial 
effort, and I recommend it very carefully to the attention of all 
who utilise the process of spot welding in their own companies. 


’ W. Pockry (Member) 
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THE INSPECTION OF WELDING 


(I) Resistance Spot Welding 


Tue Welding Sub-Committee has been set up to consider problems 
in the use of welding which interest the production engineer. 


With the extension of the use of welding for mass produced 
articles, the development of the methods of inspection which will 
ensure the quality of the product without slowing down production 
is a matter of immediate importance, and it was agreed that this 
Committee should apply itself. in the first instance, to the inspec- 
tion of spot welding. The memorandum on the Inspection and 
Control of Quality of Spot Welds in Mild Steel, issued by the Ad- 
visory Service on Welding of the Ministry of Supply, is the first 
authoritative statement on this subject and has been taken as a 
basis for the work of the Committee. 


It was considered by the Committee that the figures given for 
the allowable increase in the diameter of the electrode tip before 
changing were unduly restricted, and that the subject warranted 
experimental investigation. 


By the courtesy of The Pressed Steel Company Ltd., Oxford, 
Mr. W. S. Simmie has carried out an extended series of investi- 
gations which forms the subject of this first report of the Welding 
Sub-Committee. 


Scope of Experimental Work. 


It was decided to investigate the relationship between the diameter 
and the shear strength with a view to determining the safe limit 
of increase in tip diameter. The work also included an investiga- 
tion on the performance of three types of electrode material. 

By far the greater proportion of work being spot welded at present 
is of light gauge mild steel, up to a thickness of 4/,,in. The present 
investigation was therefore confined to 20 S.W.G. autobody sheet, 
which was considered to be the material in most common use. 
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Equipment Employed. 
The welding machine employed was part of the experimental 


equipment installed in the welding laboratory of The Pressed Steel 
Company Ltd., The relevant features of the machine are :— 


Pressure. Air operated direct-acting pressure head, permit- 
ing a maximum pressure between electrodes of 1,000 lb. 


Control. The control of the welding current was by means 
of an ignitron contactor in conjunction with a mechanical 
type of timing control, permitting welding times of from five 
cycles ('/,, of a second) up to five seconds. In addition the 


‘* forging ’’ time, or time of the dwell of the electrode on the 




















-_ work after the welding current has ceased and with full pres- 
sure still applied, was controlled by a similar device. 
ed Electrodes. In making these tests advantage was taken of 
rill information obtained from America where it has been establi- 
om shed that a flat circular contact area as presented by a truncated 
his cone is generally quite suitable for this gauge of mild steel. 
~_ The electrodes were made from ? in. diameter bar and the 
nd form used is illustrated in Fig. 1. For this investigation elec- 
d- trode tips were carefully machined and dimensions checked 
rst before use. New electrodes were introduced for each test. 
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» Fig. I. -Details of Welding Electrode. 
nt Size of Electrode Tip. 
nt Having regard to the gauge of material involved, it was decided 
t, to confine the initial sizes of tips to } in. and */,,in. The majority 


of the work was carried out with the } in. size. 
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Pressure. 


The pressure applied to the electrodes was based on pressure 
intensities of 7/10,000 lb. per square inch of initial tip area. Although 
a higher pressure intensity is sometimes advocated it was limited 
to the above range in the present investigation due to considera- 
tions of lower arm deflection. It is also likely that similar difficulty 
would arise on most production machines of capacity suitable for 
this work. 


Time. 


A weld time of 10 cycies (#/,th second) was selected for all tests 
after preliminary investigations had been carried out to determine 
the maximum shear strength value which could be obtained. 


Current. 


As the current value obviously must have considerable influence 
on the rate of increase of size of electrode tip, it was decided to 
adopt values of current which would represent as wide a range as 
considered likely to be employed under production conditions 
with the above timing. For the }in. diameter tip, the secondary 
current values were 9,220 amps, 8,200 amps, and 7,620 amps. 
For the #/,, in. diameter tip the current values used were 7,620 and 
7,020 amps. 


Speed of Operation. 


It was found most suitable to weld at a rate of 40 spots per minute, 
and this was employed throughout. 


Cooling Water to Electrodes. 


Cooling water was supplied from the mains at a rate of one 
gallon per minute to each electrode. 


Recording of Results. 

As the most important property of a weld is its strength, an 
endeavour was made to employ this factor as the common basis 
for comparison of all the experimental welds made. Accordingly 
at given intervals throughout each series of tests, single spot weld 
shear specimens were prepared for testing in a tensile testing 
machine and the average strengths of three consecutive specimens 
are recorded in the tabulated results. 


Measurement of Tip Diameter, ContactjArea, and Impression 
Diameter. 


Before proceeding with this work consideration was given to 
the methods available for accurately measuring the tip diameter 
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and the contact area of the tip. Two instruments were used for 
measuring the tip diameter—namely—a Brinell microscope gradu- 
ated in tenths of a millimeter and a projection microscope on which 
the tip profile was projected. It was found that the Brinell micro- 
scope gave results comparable with the projection microscope and 
it was considered more suitable as the diameter could be measured 
by moving the arm extension which carries the electrode holder 
without disturbing the fit of the electrode in its tapered seating 


The method adopted for measuring the contact area was similar 
to that used by American investigators. A sandwich consisting of 
a strip of 1 mm. squared paper, a strip of carbon paper (with the 
carbon face towards the squared paper) enclosed in a sheet of copper 
foil. The electrodes were brought together with the full welding 
pressure applied to them and the contact area was recorded on the 
squared paper. This area was estimated by a careful study of the 
impression under a magnifying glass. For purposes of graphical 
comparison the contact area, as measured, has been converted to 
a circular area, the diameter of which is used to enable a linear 
relationship to be obtained with the tip diameter and impression 
diameter. 


Description of Work. 


The following items were investigated :— 
(a) Form of electrode tip. 
(b) Comparison of electrode materials. 


(c) Measurement of electrode tip wear. In this series of tests 
variations in welding current, welding pressure, and initial 
electrode tip diameter were considered. 


(a) Form of Electrode Tip. 


Preliminary work indicated that the rate of increase of the tip 
area was very much influenced by the angle sub-tended by the 
conical portion of the electrode tip. Therefore, a series of experi- 
ments were made using included angles of 70°, 90° and 120°. Asa 
result of these experiments it was proved that there was a very 
definite advantage in using the tip included angle of 120°; for 
example, an increase in tip diameter from 0.25 to 0.29 in. produced 
800 welds with 70° included angle, 1,120 welds with 90° included 
angle, 5,000 with 120° included angle. Consideration must also 
be given-to any interference with the vision of the operator when 
positioning the work between the electrode tips, and it would 
appear that any increase in the included angle above 120° might 
cause difficulty in this respect. (These test are recorded in Tables 
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1, 2, and 3, and illustrated in graph form in Fig. II). As a result 


the remaining tests were carried out with a tip included angle of 


120°. 
(b) Comparison of Electrode Materials. 


In order to obtain data on the effect of various copper alloys as 
, ; PI ys 
tip material, tho:e commonly used materials were chosen as being 


FIG.IT FORM OF ELECTRODE TIP 
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Fig. Il. -The effect of varying the included angle. (}” dia. electrode). 


representative of those most widely employed. These are desig- 
nated for reference purposes as “A,” “B” and “C.” The approxi- 
mate composition and hardness of these alloys were as follows :— 
“A” 0.9% Cadmium Copper—Vickers Hardness No. 110. 
‘B” 0.6% Chromium, 0.20% Silicon Copper—Vickers Hard- 
ness No. 145. 
“©” 1.2% Cadmium Copper—Vickers Hardness No. 145. 
Tests were carried out using a constant welding pressure of 
10,000 lb. per square inch, and welding currents of 9,220 and 
7,620 amps. Test results for Material ““A”’ are given in Tables 
4 and 5; for Material ““B” in Tables 6 and 7; and for Material 
“C” in Tables 8 and 9. The results are represented in graph form 
in Fig. III and IIIa. 
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of 
nd Referring to Fig. III and IIIa, it can be seen that Material “ B”’ 
les wears better than the cadmium alloys. A further comparative 
ial test was carried out on Materials “A” and “ B” using an initial 
rm tip diameter of */,,in., and a welding current of 7,260 amps. The 
results are given in Tables 10 and 11, and illustrated in graph 
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Fic. [V. MEASUREMENT OF ELECTRODE TIP WEAR. 
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Fig. [V.—-Comparative test on electrode materials ‘‘A’’ and ‘* B.'’ (Included 
angle 120°). 


form in Fig. IV. It should be noted that in these tests the choice of 
electrode material does not to any extent affect the shear strength 
of the weld. This is to be expected with materials all having 
the order of conductivity. 


FIG ZW MEASUREMENT of ELECTRODE TIP WEAR (VARYING WELDING CURRENT) 
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(c) Measurement of Electrode Tip Wear. 


(i) The effect of varying welding current with } in. dia. tips. Tests 
were carried out using a constant welding pressure and welding 
currents of 9,220, 8,200 and 7,620 amps. The results are given 
in Tables 12, 13 and 14, and illustrated in graph form in Fig. V. 
An increase in the welding current results in increased electrode 
tip wear. The shear strength value of the weld is also increased 
by using higher welding currents. 


(ii) The effect of varying the welding current with 4/,, in. dia. tips. 
Further tests were carried out in which the electrode tip diameter 
was reduced from } to %/,,in. Welding currents of 7,620 and 7,020 
amps. were selected, one being the maximum welding current 
which could be used without over-heating the weld surface, and the 
other a medium current which would give a satisfactory weld shear 
strength value. The results are given in the Tables 15 and 16, and 
illustrated in graph form in Fig. VI. As in the previous test the wear 
on the electrode tip was increased by increasing the welding current. 


FIG WI MEASUREMENT of ELECTRODE TIP WEAR (VARYING WELDING CURRENT) 
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Fig. VI.—The effect of varying the welding current. (Included angle 120°, */,, dia, 
electrode). 


(iii) The effect of varying the electrode tip diameter. A comparison 
of the rate of increase of tip diameter for the two sizes of electrode 
tips employed can be obtained from Fig. VII where percentage 
increase is plotted against the number of welds. The high current 
values for each size of tip were used and it will be seen that the rate 
of increase is initially very much greater with the smaller tip size. 
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FIG WIT MEASUREMENT of ELECTRODE TIP WEAR (VARYING TIP DIA) 
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Fig. VIl._-Comparison of |’ and 4 ‘ dia. tips. Material ‘* A.*'(Included angle 120°). 


(iv) The effect of varying the welding pressure. Tests were carried 
out using welding pressures of 10,000 and 7,500 lb. per square inch 
of initial tip area, and a welding current of 9,220 amps. The results 
are given in Tables 17 and 18, and these are represented in graph 
form in Fig. VIII. It can be seen that increased electrode pressure 
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Fig. VIII. The effect of varying welding pressure. (Included angle 120°). 
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appears to reduce slightly the wear on the electrode tips. The use 
of a higher pressure reduces somewhat the resistance between 
the electrode tips and the sheet, and also the sheet to sheet resistance, 
resulting in a decreased generation of heat at these points during 
passage of welding current. This brings about a slight reduction 
in the shear strength values of welds obtained, and also explains 
the reduction in wear of the electrode tips. 

Consideration of the results so far obtained made it clear that the 
weld strength did not fall off at all proportionately with the con- 
siderable increases in the electrode tip diameter as measured. 
Accordingly, a further series of test measurements were made of tip 
diameter, contact area, and impression diameter, with a view to 
deciding which factor offered the best means of inspection control 
of the weld strength. The results are recorded in Tables 10 and 11 
for two electrode materials ‘‘ A” and ‘‘ B ” and this series was ex- 
tended to 40,000 welds in the anticipation that eventually the 
shear strength of the welds would show a marked reduction and 
inconsistency. 

No reduction in weld strength occurred with these extended tests, 
and the reason is apparent from a study of the results which have 
been plotted for Table 10 in Figure IX. It will be seen that the 
figures for weld diameter and shear strength and impression diameter 
remain appreciably constant throughout. 


FIG IX COMPARISON OF ELECTRODE MATERIAS 
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Fig. IX. 
The over-all tip diameter is therefore not a true indication of 
the contact area when the weld time is short. If, however, longer 


weld times are employed it is likely that the impression of the tip 
into the sheet surface would become greater, and that the area in 
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contact would approach the over-all tip area as the timing is 
increased. 


The contact diameter, as measured by the method described, 
apparently gives readings approaching the measured tip diameter, 
and as the tip diameter is more easily obtained in practice it does 
not appear that the measurement of contact area is a practical 
means of inspection control. 


From the above it would seem that the most reliable control 
would be obtained by measurement of the impression diameter, 
but it was found that the measurements, as taken by different 
persons, were likely to vary widely due to difficulty in deciding 
which is the actual boundary of the impression. The impression also 
tends to become indistinct, as is evidenced by actual photographs 
of welds taken at different stages of these test series. (See photo- 
graphs reproduced at the end of this report). 


In spite of the uniformity of weld strength, as shown in Fig. IX, 
it is not suggested that this number of welds could be permitted in 
production before changing the electrodes due to the rather poor 
surface appearance which occurs after about 10,000 welds with 
Material “ A,’’ or 22,000 welds with Material ‘‘ B.”’ As the measured 
increase in impression diameter for these number of welds is so 
small, it would be quite impossible to employ this factor as a means 
of control. 


Conclusions. 


From the above experimental work carried out on the spot welding 
of 20 S.W.G. Clean Mild Steel Sheet, the following conclusions can 
be drawn :— 


(1) A truncated cone having 120° included angle can be 
recommended as a tip contour from considerations of 
tip life and suitability for production. 


(2) The only feasible method of control of electrode tip 
size is by measurement of the over-all tip diameter and 
examination of the appearance of the weld impression. 


(3) Although an increase up to 103% in the tip diameter was 
reeorded without severe falling off in weld strength or 
consistency, it appears necessary to limit the number of 
welds made under the stated conditions to the point at which 
surface appearance commences to deteriorate rapidly. 
(NoTE: With conditions of weld time and current different 
from those used in this investigation it is possible that 
weld strength will fall off before the surface appearance 


502 








THE INSPECTION OF WELDING 


deteriorates). It is therefore necessary to point out that 
the permissiblé tip diameter should not exceed 30% 
for } in. tips and 50% for 3/,, tips. 


(4) Choice of electrode material can affect very considerably 
the number of welds that can be performed before re- 
machining is necessary. For */,, in. diameter tips the use 
of Material *“‘B” appears to permit twice the number of 
welds that can be made with Material ‘““A”’ for equal 
tip increase and surface appearance. 


(5). In view of the probable effect of increased weld time on 
the permissible increase in tip diameter it is clear that 
there is scope for further research work along these lines 
before full production data can be provided. 


(6) Careful attention should be paid to the water cooling of 
the electrode tips, and a flow of one gallon per minute 
to each electrode appears adequate for conditions as 
employed in this investigation. 


RECOMMENDATIONS 


Arising out of the discussions of the Welding Sub-committee 
the following recommendations are made :— 


1. Electrode shanks to conform to B.S.S. 

2. Rectification of electrode tips to be made only by machining. 
The procedure suggested is that when the tip diameter 
reaches the maximum permissible, it should be replaced 
by a new one or rectified tip from store. All electrode tips 
should bear an approved mark, stamped upon the conical 
face, and so arranged that rectification removes it. Sub- 
mission to the Inspection Authority for re-marking after 
rectification will ensure rectification by machining only. 

3. The use of a simple plate gauge as shown below for checking 
tip diameter growth. 


\ 


Fig. X 
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4. Routine tests as laid down in Ministry of Supply Mem- 


orandum, No. 8, pages + and 5, using test coupon form as 
shown in Fig. XI below. 


Fig. XI. 


TABLE 1. 


Form of Electrode Tip. 


iin. diameter tip. Included angle 70°. 


Welding Current : 8,200amps. Speed of Welding : 40 weld/min. 
Electrode Pressure : 10,000 lb./sq.in. | Welding Time: 10 cycles. 


Water Cooling : | gal./min. electrode 


Breaking load of Spot Welds 


No. of Welds Tip Dia. Tip Area in lbs. (1 in. overlap) 

0 25” 0491 sq.in. 1180 
500 .297”" 0695 .. 1240 
LOOO 297" 0695 ,. 1140 
1500 3125” O767 1150 
2000 344” Oozs .. 1240 
2500 ott” 0928 _,, 1120 
3000 Dyfi . —_ 1320 
3500 i 1104 ,, 1130 
4000 406" .1296 __,, 1196 
4500 406” 1296, 1190 
5000 406” 1296 ,, L130 
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TABLE 2. (FIG IL.) 
Form of Electrode Tip. 
jin. diameter tip. Included angle 90 
Welding current : 8,200 amps. Speed of Welding : 40 welds/min. 
Electrode Pressure : 10,000 Ib./sq. in. Welding Time : 10 cycles. 
Water Cooling : 1 gal./min./electrode. 


No.of Contact Tip Tip Breaking load of Spot 

Welds Area Dia. Area Welds in lbs. (1 overlap) 
0  .0491 sq.in. 25” 0491 sq.in. 1190 
250 ~=.040 e 26" 0633 ,, 1125 
500 .0413 __,, aT" 0574 ,, 1090 
1000 .0464 285" .0639__,, 1200 
1500 0475, 295" 0684 ,, 1190 
2000 050 300" = -.0706 1160 
2500 = .050 a 300" 0706 — ,, 1160 
3000 = .055 ee .O755  ,, 1180 
3500 = .055 a eg OSS, 1140 
4000 055 _,, 31” 0755 ,, 1170 
4500 055 —,, 3’ 0755, 1170 
5000 O55 os ms .0755 _,, 1120 

TABLE 3. (FIG. LI.) 


Form of Electrode Tip. 
sin. Diameter tip. Included angle 120 
Welding Current : 8,200 amps. Speed of Welding : 40 welds/min. 


Electrode Pressure : 10,000 Ib./sq.in. Welding Time : 10 cycles. 
Water Cooling: 1 gal.'min./electrode. 
No. of Contact Tip Tip Breaking load of Spot 
Welds Area Dia. Area Welds in lbs. (l"overlap) 
QO .04 sq. in. 25” 0491 sq.in. 1140 
250 .0375_ ,, 26” .0533 sy, 1150 
500 .0375__—,, 27° 0574 ,, 1040 
1000 .0375 =e, 27” 0574 ,, 1140 
1500 0375, 27" 0574, 1120 
2000 .0375 ss, 27° 0574 ,, 1220 
2500 .0375__,, 27” 0574 ,, 1310 
3000 = .0425_—_o,, .28” 0614 _,, 1220 
3500 .045__s=» 285" = .0639 ___— 1150 
4000 .045 __,, 285” 0639 __—, 1130 
4500 .045 __s,, 285" = .0639_—s—="», 1210 
5000 .0475_—,, .29” 0660, 1150 
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TABLE 4. (FIG. IIT.) 


Comparison of Electrode Materials. Material “ A.’’ 
} in. Diameter tip. Included Angle 120° 
Welding current : 9,220 amps. Speed of Welding: 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling : 1 gal./min./electrode. 
Weld strength/spot 


No.of Contact Tip Tip taken from average of 

Welds Area Dia. Area _ three welds. (1" overlap) 
0 .0400 sq.in. .25" 0491 sq.in. 1100 Ib 
250 =.0400_——=», 26” .0533 sy, 1320 ,, 
500 =.0425—_—,,, a iad 0574 ,, 1150 ,, 
1000 .0425_—=n, bs O6T4 ,, rZe0 ,, 
1500 =.0450_—="», 28” Co: a 1210 ,, 
2000 = .0450_—_—"7, 28” 0614. ESi0 
2500 .0450__,, .28” 0614 ,, 1260 ,, 
3000 .0475_—__,, .29” 0660 — ,, 1320 ,, 
3500 0500 ,, 29” 0660. E220 .. 
4000 .0525_—,, 30” 0706 ,, 1180 ,, 
4500 =.0525_——=, 30" 0706 ,, 1300 ,, 
5000 0550 —_—", 30" 0706 ,, 1320 ,, 


TABLE 5. (FIG. Ia.) 


Comparison of Electrode Materials. Material « A.’’ 
1 in. Diameter tip. Included Angle 120°. 
Welding current : 7,620 amps. Speed of Welding: 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling : 1 gal./mit../electrode. 
Weld strength/spot 


No.of Contact Tip Tip taken from average of 

Welds Area Dia. Area three welds. (1” overlap) 
Q 0400 sq.in. 20° 0491 sq.in. 1170 lb. 
250 = .0400_— 25" 04909 ,, 1000 ,, 
500 »=.0400_——", 25” 04909 ,. 1090. ,, 
1000 = .0425_——,, .26” .0533_—s, 1200 ,, 
1500 = .0425—_,, 26” .0533 ___, 1080. ,, 
2000 .0425_—,, 26" 0533 1090 ,, 
2500 .0425_,, 26” 0533 L010 ,, 
3000 =.0425_—_,, .26” 0533, 1060 ,, 
3500 3=.0425_——=,, 26” O633 ., 950 ,, 
4000 .0450,, .26” Osage. 1000. ,, 
4500 0450, 26" 0533's, 1050. ,, 
5000 =.0450_——, 26" 0533, 1030 ,, 
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TABLE 6. (FIG. IIT.) 


Comparison of Electrode Materials. Material “ B.’’ 
}” Diameter tip. Included Angle 120° 


Welding current : 9,220 amps. Speed of welding : 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling: | gal./min./electrode. 


Weld strength/spot 


No.of Contact Tip Tip taken from average of 
Welds Area Dia. Area __ three welds. (1" overlap) 
0 = .0375 sq.in. 25” 0491 sq.in. 1190 Ib. 
250 0375 ,, .26” 0533 ,, 1190 ,, 
500 =.0375_—o,, 26” 0533 ,, 1370 ,, 
1000 0375 __,, 27” 0574 ,,- 1280 ,, 
1500 0400 — ,, SS 0674 ,, 1280 ,, 
2000 0425, 20° 574 ,, 1120 ,, 
2500 .0425__,, 27° 0574 ,, 1280 ,, 
3000 0425, Za .0574 1220 ,, 
3500 = .0425——=, 275" 0594, 1120 ,, 
4000 .0425—=, 275" 0594, 1280 ,, 
4500 = .0425—=g, 275" 0594 ,, 1090 ,, 
5000 0425, 28” 0594 — ,, 1100 , 


TABLE 7. (FIG Ila.) 


Comparison of Electrode Materials. Material “ B.”’ 
}” Diameter tip. Included Angle 120°. 
Welding current : 7,620 amps. Speed of welding : 40 welds/min. 


Electrode pressure : 10,000 Ib./sq.in. Welding time: 10 cycles. 
Water cooling: 1 gal./min./electrode. 
Weld strength/spot 


No. of Contact Tip Tip taken from average of 

Welds Area Dia. - Area _ three welds. (\" overlap) 

0 04 — sq.in. .25” 0491 sq.in. 1080 Ib. 

250 .04 es 26° 0491 ,, 965 ,, 

500 O4 so 0491 ,, 915 ,, 
1000.04 25" 0491 ,, 1090 ,, 
1500 04 255" 0511 __,, 970 ,, 
2000 = 0425 255” 0511 .,, 980 , 

2500 = .0425 255” O51 ,, 1025 ,, 
3000 = .0425 255" 0511 _ ,, 980 ,, 
3500 0450 255" O511 ,, 985 , 
4000 .0450 .255” O5IL ,, 1065. ,, 
4500 = -.0450 255” O6Tl .,, 1086 ,, 
5000) .0450 255" O6TT .,, 1030 ,, 
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TABLE 8. (FIG. III.) 
Comparison of Electrode Materials. Material “ C.’’ 
}” Diameter tip. Included Angle 120°. 
Welding current : 9,220 amps. Speed of welding : 40 welds/min. 
Electrode pressure : 10.000 Ib./sq.-in. Welding time : 10 cycles. 
Water cooling: 1 gal./min./electrode. 


Weld strength/spot 


No.of Contact Tip Tip taken from average of 

Welds Area Dia. Area _ three welds. (1" overlap) 
0 — in. 25” 0491 ” in. 1180 Ib. 

250 0425 26" 0533. 1190 , 

500 = .0425_———”n, 265" 0552, 1190 ,, 

1000 .0425_—_—n, .27” 0574, 1040 ,, 

1500 = .0425—,, 275" 0594, 1180 ,, 

2000 =.0425_—_,, 28° 0614 —., 1230 ,, 

2500 0450, .28” 0614 ,, 1070 ,, 

3000 0450, .285” 0639... 1110 ,, 

3500 0450 ,, 285” 0639. 1120 ,, 

4000 = -.0450_——"», 285" .0639_,, 1020 , 

4500 0475 ,, 29” 0660... 1120 ,, 

5000 »=.0475 29” 0660. 1150 ,, 


TABLE 9. (FIG. IITa.) 
Comparison of Electrode Materials. Material ‘‘ C.’’ 
1” Diameter tip. Included Angle 120° 
Welding current : 7,620 amps. Speed of welding : 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time: 10 cycles. 
Water Cooling : 1 gal./min./electrode. 
Weld strength/spot 


No.of Contact Tip Tip taken from average of 
Welds Area Dia. Area _ three welds. (1”" overlap) 
0 .04 — sq.in. .25” 0491 sq.in. 1010 Ib. 
250 = 04 = a (a 1130 ,, 
500.04 re .25” 0491, 1130 ,, 
1000 .0425_—_—", .26” 0533, 1080 ,, 
1500 = .0425_——_,, .26” 0533, 1230 ,, 
2000 .0425_—C,, .26” 0533 —., 1140 ,, 
2500 3=.045 “ 265” .0552 __,, 1180 ,, 
3000 = .045 < 27” 0574, 900 ,, 
3500 = .045 is 27” 0574, 980 ,, 
4000 «045, 20" 0574, 1170 ,, 
4500 3.045 4 .28” 0614 ,, 1080 , 
5000 = .045 “ .28” 0614, 980 , 
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THE INSPECTION OF WELDING 


TABLE 10. (FIG. IV.) 


Comparative Test on Electrode Materials. Material ‘‘ A.’’ 
3/,," Diameter tip. Included Angle 120°. 
Welding current : 7,620 amps. Speed of Welding: 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time: 10 cycles. 
Water cooling : 1 gal./min./electrode. 
Weld strength/spot 

No.of Cont. Cont. Tip Imp. Weld taken from average of 
Welds Area Dia. Dia. Dia. Dia. three welds. (1” overlap) 


sq.im. in. in. in. in. 

0 .030 196 .1875 173 .185 993 lb. 

250 = .080 196.21 Ais £07 953 ,, 
500.0325 .204 «3.215 )=«.173—SC«157 1000 ,, 
1000 .0325 .204 = .22 173.145 1085 ,, 
2000 .0350 211 .25 77.197 997 ,, 
4000 035 211 .26 193.185 970 ,, 
6000 .0425 .232 8 .27 193.197 995 ,, 
8000 045 .232 285 193 .197 1020 ,, 
10000 0475 =.246) «=©=.310 = .198—.197 1040 , 
12000 .0550 .265 320 197 .197 1075 ,, 
14000 .060 = =.276 = .32 197 .197 1160 ,, 
16000 .065 = =.288 325 197 .197 1170 ,, 
18000 .070 = =.298 330 8=©.197_—.197 1020 ,, 
20000 .0725 304 340 8 .205 .197 1130 ,, 
22000 .0750 =.309) «=.345 = 205.157 1000 ,, 
24000 .0775 4.314 «4.345 = 205.177 1055 ,, 
26000 .0775 .314 350 8.205 .189 993 ,, 
28000 .080 319 355 205 = 185 870 ,, 
30000 = .080 2319 = .365 205 =.193 940 ,, 
32000 .0850 329 370 .209  .193 1040 ,, 
34000 085 329 375 .209 .173 1060 ,, 
36000 .0875 335 380 .209 .189 1000 ,, 
38000 .0875 335 380 .209 .173 1050 ,, 
40000 .0875 336 380 8.209 .189 1170 ,, 
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TABLE 11 (FIG. IV). 


Comparative Test on Electrode Materials. Material ‘‘ B.’’ 


3/,, Diameter tip. Included Angle 120' 
Welding current : 7,620 amps. Speed of welding : 40 welds/min- 
Electrode pressure : 10,000 Ib./sq. in. Welding time : 10 cycles- 


Water cooling: 1 gal./min./electrode. 


No.of Cont. Cont. Tip. Imp. Weld Weld strength/spot 
Welds Area Dia. Dia. Dia. Dia. tvoken from average of 


sq.in. in, in. in. in. three welds. (1" overlap) 
0 08 196 .1875 .161 189 1056 lb. 
250 = .03825 .204 = .195 161 = .173 1120 ,, 
500 = .085 211 = .200 161 = .197 1133 ,, 
1000 .035 211 .210 169 .198 983 ,, 
2000 =.0375 = .218_~—.230 173 (£97 887 ,, 
4000 = =.040 225 =©.240 181 .189 1266 ,, 
6000 .040 225 86.255 181 .194 1153 ,, 
8000 .0425 .252 = .265 18] 157 1010 ,, 
10000 = .045 239 .275 181 .189 1030 ,, 
12000 .0475 .246 .280 181 .177 980 , 
14000 = .050 252 = .280 181 = .197 987 ,, 
16000 .0525 .259 = .285 193 .197 1040 ,, 
18000 .055 265 .290 .197 ~~ .197 1163 ,, 
20000 .055 265 § .290 201 = =.197 935 ,, 
22000 3.0575 =.271 = .290 201 .199 1000 , 
24000 .0575 =.271 ~—.290 .205 = .199 985.,, 
26000 =.060 276 = =.290 .205 =.199 1215 ,, 
28000 .060 276 = =.290 205 ~=.201 975 ,, 
30000 = .060 276 = .290 .205 = .199 965 ,, 
32000 = .060 276 = =.290 205 =.193 960 ,, 
34000 = .060 276 = .290 205 = .197 1150 ., 
36000 .060 276 «6.295 205 = .193 1000 ,, 
38000 .0625 .282 295 205 =.197 1040 ,, 
40000 .0625 .282  .295 205 ~=—.198 1100 ,, 
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TABLE 12 (FIG. V.) 
The Effect of Varying Welding Current. Material ‘* A.”’ 
}” Diameter tip. Included Angle 120°. 
Welding current : 9,220 amps. — Speed of welding : 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling : 1 gal./min./electrode. 
Weld strength/spot 


No.of Contact Tip Tip taken from average of 

Welds Area Dia. Area three welds. (1" overlap) 
0 .0400sq.in. — .25” 0491 sq. in. 1100 Ib. 

250 0400 —,, 26” .0533 ___is,, 1320 ,, 

500 .0425—,, Ds ia 0574 ,, 1150 ,, 

1000 .0425_—_,, + iu 0574, - 1270 ,, 

1500 = .0450-——=g, 28” 0614 — ,, 1270 ., 

2000 .0450 28” 0614 — ,, 1310. ,, 

2500 .0450  ,, 28” 0614 —,, 1260 ,, 

3000 = .0475 a 29” .0660 sa 320 ,; 

3500 .0500 — ,, 23" 0660 ,, 1220 ., 

4000 .0525_—,, Bi 0706 ,, 1380 ,. 

4500 .0525_—s,, 30" 0706 ,, . 1300... 

5000 .0550 es 30" O706 s 1320 ., 


TABLE 13 (FIG. VY.) 
The Effect of Varying Welding Current. Material ‘‘ A.’’ 
4” Diameter tip. Included Angle 120°. 


Welding current : 8,200amps. — Speed of welding : 40 welds/min. 
Electrode pressure : 10,000 Ib.)sq.in. Welding time : 10 cycles. 


Water cooling : 1 gal./min./electrode. 
Weld strength/s pot 


No.of Contact Tip Tip taken from average of 
Welds Area Dia ' Area three welds. (1" overlap) 
QO 04 sq.in. 25" 0491 sq. in. 1140 Ib. 
250 = .0375 a .26” 0533 es 1150 ,, 
500 = .0375 a, ey iad 0574 —,, 1040 ,, 
1000 .0375 —,, 27" OS 5, 1140 ,, 
1500) 0375, 20” 0574 ,, 1120 ,, 
2000 0375 _—,, 27” 0574 ,, 1220 ,, 
2500 0375, 27" OST4 ,, 1310 ,, 
3000 .0425_—_—,, .28” 0614 —,, 1220 ., 
3500 = .045 “ 285" 0639 _,, 1150 , 
4000  .045 - 285" .0639 _ ,, 130 ., 
4500 .045 ‘ 285" .0639 __,, 1210 ,, 
5000 0475, 29” 0660 ,, 1150 , 
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TABLE 14. (FIG. V.) 


The Effect of Varying Welding Current. Material ‘‘ A.’’ 
}” Diameter tip. Included Angle 120° 


Welding current.: 7,620 amps. Speed of welding : 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling: 1 gal./min./electrode 


Weld strength/spot 


No.of Contact Tip Tip taken from average of 

Welds Area Dia. Area three welds. (1” overlap) 
0 .0400sq.in. — .25” . 0491 sq. in. 1170 lb. 

250 .0400 i 25° .0491 - 1000 ,, 

500 =—.0400 as SS" .0491 - 1090 ,, 

1000 = .0425 sa .26” .0533 ee 1200 ,, 

1500 .0425_—,, 26" 0533, 1080 ,, 

2000 .0425—, 26" .0533_—so,, 1090 ,, 

2500 = .0425 a 26” .0533 “a 1010 ,, 

3000 .0425 og, 26” 0633 ,, 1060 ,, 

3500 .0425_—,, 26" 0533 —,, 950 ,, 

4000 .0450 ,, 26” .0533_—séi,, 1000 ,, 

4500 .0450_,, 26” 0533 _—sé,, 1050 ,, 

5000 3.0450 a .26” .0533 = 1030 ,, 


TABLE 15. (FIG. VL.) 
The Effect of Varying Welding Current. Material ‘‘ A.’’ 
3/,. Diameter tip. Included Angle 120°. 


Welding current : 7,620 amps. Speed of welding: 40 welds/min. 
Electrode pressure : 10.000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling : 1 gal./min./electrode. 


No.of Contact Tip Tip Breaking load of spot 

Welds Area Dia. Area welds in lbs. (1” overlap) 
0 .030 sq.in. .1875” .02765 sq. in. 993 lb. 
250 030 ,, 21” 0346, 953 ,, 
500.0325, 215” 0362. ,, 1000 ,, 
1000 = .0325__s,, 22” 0379 _ si, 1085 ,, 
2000 = .0350__—,, 25” 0491 a 997 ,, 
4000 .0350_,, .26” 0533, 970 ,, 
6000 .0425. ,, 27” 0574 ,, 995 ,, 
8000 .0450_—,, 285” .0639 _,, 1020 ,, 
10000 = .0475_—_,, 31” 0755, 1040 ,, 
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TABLE 16. (FIG. VI.) 
The Effect of Varying Welding Current. Material ‘‘ A.’’ 
3/46’ Diameter tip. Included Angle 120°. 


Welding current : 7,020 amps. Speed of welding : 40 welds min. 
Electrode pressure : 10,000 Ib./sq. in. Welding time : 10 cycles. 
Water cooling : 1 gal./min./electrode. 


No.of Cont. Cont. Tip Imp. Weld Weld strength) spot 
Welds Area Dia. Dia. Dia. Dia. taken from average of 


sq.in. iM. in. m. in. — three welds. (\" overlap) 
0  .03B0 196 .1875 .173  .189 L070 lb. 
250 = =.030 1S6 = .200 173.189 980 ,, 
500.080 196.210 173.189 LOS ,, 
1000 OBO 196.215 ttn a 895 ,, 
2000 =.0325 = .204 = .222 173 = 192 935. ,, 
4000 0350 211 .24 Ay a ee 875 ,, 
6000 .03875 218 .253 181 .173 S85 .. 
8000 0875 218  .256 181 .177 955 ,. 
10000 .04 226 8.262 A8l = .192 925 ,, 
12000 04 226 237 193.181 960 .. 
14000 .0425 8.232.300 193.185 950 ,, 
16000 .045 239 =.310 ee . 277 O20... 
18000) .045 239 3.312 koe . 4297 LOIS ,, 
20000 .050 252 315 193 .185 960. ,, 
22000 .0575 271 = .315 197 = .208 950 ,,- 
24000 = .060 2760 «6.318 = «197.189 1000 .. 
26000 = .060 276 =.320 197 .197 1050. ,, 
28000 .0625 282 .322 197  .197 1000 ,, 
31000 =.0650 .288  .327 197.192 1025 ,, 
33000 §=.0675 =.293 335 197 .192 1075 ,, 
35000 =.070 298 .34 201 = .189 1040 ,, 
37000 .0725 .304 3.345 205 =.181 1060 ,, 
40000 .0725 .304 = .347 205 =.18] 960 ,, 
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TABLE 17. (FIG. VIII.) 
The Effect of Varying Welding Pressure. Material ‘‘ A.’’ 


t’ Diameter tip. Included Angle 120°. 


Welding current : 9,220 amps. Speed of Welding : 40 welds/min. 
Electrode pressure : 10,000 Ib./sq.in. Welding time : 10 cycles. 
Water cooling : 1 gal./min./electrode. 
No.of Contact Tip Tip Breaking load of spot 
Welds Area Dia. Area welds in lbs. {1”" overlap) 
 .0400 sq. in. 25" 0491 sq. in. 1100 ,, 
250 .0400 e 26” .0533 ss 1320 ,, 
5OO 0425 - oe 0574 Pe L150 ,, 
1000 0425 i, Ze 0574 =«C«, E270 ., 
1500 0450 —,, 23" 0614 —,, 1210 ,, 
2000 0450, .28” 0614 ,, 1310 ,, 
2500 .0450 _ ,, 28" 0614 — ,, 1260 ,, 
3000 0475, 20° 0660 ,, 1320 ,, 
3500 = .0500 — ,, 29” 0660 220 .. 
4000 .0525 —,, 30" 0706 ,, 1180 ,, 
4500 .0525_——s,, 30" 0706 ,, 1300 ,, 
5000 .0550 ve ao 0706 - 1320 


%° 


TABLE 18. (FIG. VIII.) 
The Effect of Varying Welding Pressure. Material ‘‘ A.”’ 


1” Diameter tip. Included Angle 120°. 


Welding current : 9,200 amps. Speed of welding : 40 welds/min. 
Electrode pressure : 7,500 Ib./sq.in. Welding time: 10 cycles. 
Water cooling: 1 gal./min./electrode. 
No.of Contact Tip Tip Breaking load of spot 
Welds Area Dia. Area welds in lbs. (1” overlap) 
0 .0425 sq. in. 25” 0491 sq. in. 1320 Ib. 
250 = .0425 re 26" 0533 = Taae .,, 
500.0425 _—__o,, Sg 0574 —,, 1330 ,, 
1000 = .0450 oy, 28” 0614 1420 ,, 
1500 = -.0450 ms 29” .0660 se 1360 , 
2000 = .0450 - 29” .0660 “6 1280 ,, 
2500 .0475_,, 30” 0706 ,, 1240 ,, 
3000 0475, 30” 0706 ,, 1390 ,, 
3500 .0475,, 30" 0706 ,, 1140 ,, 
4000 0475 ,, 30” 0706 ,, 1370 ,, 
4500 .0475  ,, 30" 0706 —_,, 1410 ,, 
000.0500 ss on 0755 i 1210 ,, 
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Research Department : 
Production Engineering Abstracts 
(Edited by the Director of Research) 


Note.—The addresses of the publications referred to in these Abstracts may be 
obtained on application to the Research Department, Loughborough College, 
Loughborough. 


ACCOUNTING AND ADMINISTRATION 


A Modern Method of Cost and Control Recording, by P. H. Billington. (Mech- 
anical World, November 13, 1942, Vol. CXII, No. 2915, p. 468, 8 figs.). 


Making every production document from an accurate master statement. 
Example of master sheet. Material issue ticket reproduced from master 
sheet. Contrcl costing card. Progress advice note. Complete set of doc- 
uments showing also master sheet from which they are repioduced. 


ELECTRICAL ENGINEERING. 


Watch your Control Equipment, by E. H. Alexander. (The Machinist, 
November 7, 1942, Vol. 86, No. 30, p. 764, 2 figs.). 


Electric control equipment is an essential part of almost all modern 
production equipment. It should be inspected regularly. Temperature 
rise. Use of silver contacts. Brazing for better contact. 


JIGS AND FIXTURES. 


Jigs and Fixture Details—II and III, by John G. Jergens. (The Machinist, 
Nevember 7, 21, 1942, Vol. 86, Nos. 30, 32, pps. 768, 824, 28 figs.). 

Equalising devices. The equaliser has a combination of movable jaws 
which clamp the work in proper relation to the centre line. Variations. 
Use pins for internal work, V-slides for spherical werk, cr an inclined plane 
for raising the work horizontally. The equaliser serves the purpose of making 
allowance for slight variations in unfinishcd work and holding it in the proper 
position fcr machining. Thirteen.examples are shown. Several types of 
standard details which can be used to advantage in the design of jigs and 
fixtures. The jig-leaf, the leaf stop, leaf clamp, and several methods for 
attaching a leaf which is to swivel. A clamping method for several round 
bars, and for a movable slide. A few indexing mechanisms are included. 


MACHINE ELEMENTS. 


Chain Drives, by H. Stuart Jude. (Power Transmission, November 1942, 
Vol. Il, No. 130, p. 465, 3 figs). 


A well-designed chain drive will deliver consistently good service under 
suicable operating conditions, and correct applicaticn is not difficult if the 
rules are obeyed. Roller type chain. Tooth type chain. Chain drives 
can be designed to suit widely varying conditicrs of service and, since chains 
cannot slip, long cr short centre distances can be used in the full knowledge 
that every revolution of the driver will be transmitted to the driven wheel. 
Legitimate wear. Ratio and centre distance. The chain drive layout. 
Maintenance. 
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MACHINING, MACHINE TOOLS 


Measuring Metal Surfaces (Grinding), by L. H. Milligan. (The Tool Engin- 
eer, September 1942, Vol. XI, No. 9, p. 82, 11 figs.) 


[The abrasives in common commercial use consist of either crystalline 
alumina (aluminium oxide) or crystalline silicon carbide. Precisicn grit.cir¢g 
isusually carried out with abrasive products of number 46 or finer grain 
size, and for extremely fine finishing, sizes as small as number 500 or 600 
orevenespecially prepared materual such as levigated alumina may be employ- 
ed. Abrasive operations : (1) ordinary grinding ; (2) fine grinding ; (3) hon- 
ing ; (4) superfinishing ; (5) “‘ hydrolapping "’ (6) sandpapering. Importance 
of surfaces. The mechanisms of wear : (1) cutting due to rough surfaces; 
(2) abrasion due to hard particles from the environment ; (3) corrosion by 
chemically active materials in the environment. (4) galling due to molecular 
forces between metals as modified by surface films ; (5) pitting due to fatigue 
cracking of promontories on surfaces. Surface characteristics. Standard 
surfaces. 


Internal Grinding, by Allen E. Lepley The Tool Engineer, September 
1942, Vol. XI, No. 9, p. 86, 6 fig 

Internal grinders are of three basic types; chucking machines, centreless 
internal grinders and planetary grinders lo determine the proper wheel 
for a given job: first ,;consider the material to be ground. Second, the amount 
of stock to be removed, the accuracy, and the finish required. Third, the 
area of contact between the wheel and the work. Fourth, the condition 
of the grinding machine itself Fifth, and finally the relation between the 
wheel and work speeds. Choosing the wheel dimensions. Coolants. Eleven 
basic jobs must be learned for successful operation of three types of internal 
grinders. 


Centreless Grinding, by Gary F. Heckman. (The Tool Engineer, September 
1942, Vol. XI, No. 9, p. 92, 9 figs 


The principal elements of a centreless grinding machine are the grinding 


wheel, regulating wheel, and the work rest Work and wheel centres. 
Achieving cylindrical form. Methods of centreless grinding. Through- 
feed. In-feed. Relation of factors \ll centreless machines cffer the 
following principal advantages 1) The work is rigidly supported ; (2) no 
axial thrust is imposed on the work while grinding. (3) Less grinding stock 
is required, with correspondingly longer wheel life. (4) The possibility of 
error is reduced by half, because stock removal is measured on the diameter. 
(5) Error due to wheel wear is likewise reduced (6) The machine requires 
only slight attention 7) The grinding of the smaller size work can be assist- 


ed by use of a magazine, gravity chute, or hopper feeds 


A Positive Automatic Feed for Hones, by E. D. Ball. (Machinery, Nov- 
ember, 19, 1942 ol. 61, No 1571, p. 576, 3 figs 

Section of the uni-directional clutch Automatic trip-motion mounted 
to the column of the machine 


Milling Cutter Power Requirements, by O. W. Winter. (The Tool Engineer, 
October 1942, Vol. XI, No. 10, p. 88, 14 figs 

The following variable factors effect the efficiency of a milling cutter or 
rather, the power required to drive a milling machine. (1) The efficiency 
of the machine and driving motor 2) The material being milled. (3) The 
milling cutter design 4) The nature of the cut. (5) The metal removal. 
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(6) The shape of the chipsremoved. (7) The cutting lubricant. (8) Condition 
of equipment. The project covers the oe materials and cutters : (1) 
Cast iron—1. shell end mills ; 2. face mills ; 3. half side mills; 4. spiral slab 
mills ; 5. slotting cutters ; (I1) Nickel-chromium steel (SAE No. 3125, 3130, 
3135 and 3140). (III) Cast duralumin. (IV) Wrought duralumin. Methods and 
general results. 


MANUFACTURING METHODS. 


Manufacture of Tungsten Metal, by P. E. Wretblad. (Powder Metallurgy, 
edited by John Wulff, published by the American Society for Metals, chapter 
38, p. 420.) 

Production of tungsten powder, pressing, sintering, fabrication of wire, 
additives to tungsten filaments. 

(Supplied by the British Non-Ferrous Metals Research Association). 


Hardened Gears without Grinding, by Frank W. Curtis. (The Tool Engineer, 
October 1942, Vol. XI, No. 10, p. 94, 7 figs.) 


Induction hardening method saves finish grinding operation, permits 
tougher gears, saves alloy steel. The absence of scale or deformation, which 
is characteristic of this method, makes grinding unnecessary. 


Fixing Bearing Metal in Steel Shells, by J. K. Anthony. (Jet. Progvess, 
August 1942, Vol. 42, No. 2, p. 213.) 


A schedule of operations for casting low-tin beering metals into the shell, 
given in response to a question raised by a manufacturer of fan bearings. 


(Supplied by the British Non-Ferrous Metals Research Associaticn.) 


The Practice of Powder Metallurgy, by H. W. Greenwood. (Met. Ind., 
October 9, 16, 1942, Vol. 11, Nos. 15, 16, pp, 226, 242). (In progress. 


The beginning of a survey of the subject. First part gives a brief account 
of methods of preparing powders and second Part deals with the irfiuence of 
particle shape and size. 


(Supplied by the British Non- Ferrous Metals Research Association.) 


Shell Fuses by the Million. (Zhe Machinist, November 14, 1942, Vol. 86, No. 
31, p. 202E, 33 figs.) 

Carburettor manufacturer has retooled multi-spindle automatics and fourteen 
station indexing machines to make percussion fuses. Special milling and 
drilling machines speed production. 


The Walrus Amphibian, Part II. by F. C. Sheffield, (4 ivcrvaft Production, Dec- 
ember 1942, Vol. IV, No. 50, p. 710, 18 figs.) 


The production of the wings is described, as well as the assembly of typical 
control surfaces. Thearticle concludes with a review of the methods employed 
in the manufacture of the fuel and oil tanks. 


MATERIALS, MATERIAL TESTING 


Properties of Nickel-Chromium Heat-Resisting Steel. ‘‘ Engineering Prop- 
erties of Heat-Resistant Alloys’? by H. S. Avery, E. Cook and J. A. Fellows, 
(Amer. Inst. Mining and Metallurgical Engineers, Tech. Publ. 1480, Metals 
Technology, -August 1942.) 

The paper amplifies data presented in the authors’ earlier publication 
(T. P. 1443) which dealt primarily with mode of testing. The second paper 
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comprises a very extensive study of steels of the 26-12 chromium-nickel type, 
with particular reference to their properties and performance over the range 
1400°-2900°F . (760°-1092°C). The lines of the investigation were largely 
inflaenced by the requirements of the oil-refining industry. Its scope, and 
some of the miin conclusions, are summarised below : Creep. Metallography. 
Effects of composition. Strength versus ductility. Thermal stresses. 
Stress-strain-rupture tests. Magnetic analysis. : 


(Supplied by the Nickel Bulletin.) 


Some Dynamic Properties of Rubber, by C. O. Harris. (J. App. Mech. 
Vol. 9, No. 3, September, 1942, p. 129.) 


The purpose of the investigation described in this paper was to obtain 
information concerning the dynamic properties of rubber bonded to metal. 
Two properties of rubber were measured (a) the internal damping, and (b) the 
dynamic modulus of elasticity. Two types of specimens were tested, (a) 
rubber cylinders bonded to steel cylinders at the ends and stressed in com- 
pression, and (b) specimens of rubber bonded to steel and stressed in shear. 
All specimens were of the same stock, 5140-V-4, manufactured by the U.S. 
Rubber Company. The hardness, as measured by the durometer, varied 
from 32 to 40. In the process of bonding to the steel, a §/g5-in. layer of 60 
durometer stock was added adjacent to each piece of steel. This represents 
standard practice of the U.S. Rubber Company in bonding soft stock to metal. 
All specimens were cured for 30 min, at 279°F. 


(Supplied by D.S.R., Ministry of Aircraft Production.) 


Researches on replacement materials with special reference to A1 conductors 
in electrical machinery, by K. Sachs and W. G. Noack. (Review Brown 
Boveri, Switzerland, Vol. 29, No. 1-3, Jan.-March, 1942, pp. 78-83). 


The introduction of Al wiring in electrical machinery has been delayed 
not so much by its reduced conductivity but by difficulties associated with 
corrosion and soldering or brazing. Extensive practical experience has shown 
that corrosion difficulties can be overcome by choice of composition of alloy 
combined if necessary with either anodic treatment or painting. 


Soldering or brazing of Al is perfectly feasible, provided care is taken to 
remove either chemically or mechanically all traces of oxide. In this con- 
nection reference is made to the so called ‘‘rubbing’’ solders for securing a tin 
deposit. Messrs, Brown Boveri have developed a method of welding Al 
wire electrically without the need of either flux or welding wire. As many as 
24 separate wires. each one mm. diameter can be welded together, the joint 
being stronger than that obtained with any kind of solder. For this reason 
electric or flume welding should be used whenever possible. Terminal con- 
nections on Al wires are made by means of special copper clad Al connectors. 
A short length of the cladding is removed chemically at one end and the bare 
Al welded electrically to the Al conductor. The other (cladded) end can be 
soldered normally. 


Details of Al stator windings of a 20,000 KW alternator are given and it is 
stated that one 100,000 Al squirrel cage motors ranging up to 15 KW have 
been delivered in the last few years 

In addition to the utilisation of Al in the electrical industry, the authors 
briefly review advances made in the welding of high alloy steels, with special 
reference to turbine blading. 


(Supplied by D.S.R., Ministry of Aircraft Production.) 
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MEASURING METHODS AND APPARATUS 


Quality-Control Procedures in Ordnance Inspection, by G. D. Edwards. 
(Mechanical Engineering, September, 1942, Vol. 64, No. 9, p. 673.) 

Perfection in mass production. Inspection fatigue. Quality risks in mass 
production. Proper use of quality-control procedures. Encouraging manu- 
facturers to control quality. Elegibility for reduced acceptance inspection. 
Quality-control procedures must be tailor-made. Decentralizing the intro- 
duction of control procedures. American emergency standards for quality 
control. Inspirational conferences for ordnance inspection personnel. 


X-Ray Measurement of the Thickness of the Cold-Worked Surface Layer 
Resulting from Metallographic Polishing, by H. C. Vacher. (J. Res. Nat. 
Bur. Stand., Aug. 1942, Vol. 29, No. 2, p. 177.) 


Cu, Al and steel specimens, each originally having a surface free from 
cold work, were finished with various abrasives commonly used for metall- 
ographic polishing. The thicknesses of the layers altered by these abrasives 
treatments were determined by means of X-ray back-reflection patterns. 
Results show that this method can be used for determining the thickness 
of cold-worked layers between 2 and 42 microns on Cu, 2 and 95 micronson 
Aland 2 and 25 microns on steel (a micron 1s one-thousandth of a millimeter). 


(Supplied by the British Non-Ferrous Metals Research Association.) 


Methods of measuring the thickness and porosity of metallic coatings. by 
Abner Brenner. (Sheet Metal Industries, December 1942, Vol. 16, No. 188, 
p. 1861.) 


The methods of measuring the thickness of metallic coatings may be divided 
into two classes : (1) Those which measure the average thickness on a given 
area, and (2) those which measure the thickness at a given point—that is, 
the local thickness. I. Method of measuring average thickness. Chemical 
method. Quantitative stripping methods. Stripping (1) nickel coatings ; 
(2) copper coatings ; (3) chromium coatings. (4) zinc or cadmium from steel ; 
(5) hot dipped tin coatings from steel ; (6) silver from brass. II. Methods of 
measuring local thickness : (a) microscopic. (b) chord method. (c) dropping 
test. (d) Preece test. (e) jet method. (f) tests for chromium. 


Heat Treating and Inspection of Metals, (U. S. Wav Department Tech. 
Manual 1-423, September 1942.) 


General principles of heat treatment ; equipment ; general and specific heat 
treatment of steels and alloy steels ; heat treatment of Alcoa Al alloys ; hard- 
ness testing and equipment ; magnaflux inspection. 


(Supplied by the British Non-Ferrous Metals Research Association.) 


Process Lags in Automatic Control Circuits, by J. G. Ziegler and N. B. 
Nichols, A.S.M.E. (U.S.A., October Meeting, 1942.) 


1. In the application of automatic controller, it is important to realize 
that controller and process form a unit ; credit or discredit for results obtained 
are attributable to one as much as the other. 

2. The chronology in process design is often wrong. Generally an en- 
gineer first designs his equipment so that it will be capable of perfcrming its 
intended function at the normal throughput rate plus a fac ter of safety. The 
control engineer or instrumentman is then told to put on a controller capable 
of maintaining the static equilibrium for which the apperatus was designed. 

3. A long expensive process of ‘‘ cut-and-try’’ is often necessary in order 
to make the equipment work. Both engineers realize that scme factor in 


CIxX 








PRODUCTION ENGINEERING ABSTRACTS 


equipment design was neglected but generally they can neither identify the 
missing ingredient nor correct it in future design. 

The missing characteristic can be called ‘‘ controllability,’ the ability of 
the process to achieve and maintain the desired equilibrium value. Design 
for steady-state conditions is not enough if exact maintenance of variables is 
necessary. Control action consists of continuous correction of process changes 
tending to destroy equilibrium at the desired value and, as such, its study 
involves not steady-state but transient characteristics of the process and 
controller. 

4. Methods are given for quantitative determination of time lags in autc- 
matically controlled processes. The area under recovery Curves is taken asa 
direct measure of process difficulty, and this area is shown to vary as the 
second power of the time lag. A “‘ recovery-factor’’ term, part of a complete 
expression for controllability, is introduced which makes possible a classi- 
fication of processes in dimensions of the process itself, regardless of controller 
or valve mechanism used.: Values of this recovery factor from various in- 
dustrial applications are given in tabular form Several processes are ex- 
amined for the time lag, and means of reducing this unfavourable characteris- 
tic are demonstrated It is felt that this paper will be useful to engineers who 
are interested in improving the controllability of the processes which they 
design. ° 


(Supplied by D.S.R., Ministry of Aircraft Production.) 


METALLURGY OF IRON AND STEEI 


Wartime Gear Steels, by E. F. Davis, ‘‘National Emergency Gear Steels,” 
(Iron Age, 1942, Vol. 150, August 6, p. 45, August 13, p. 58). 

The first part of the article traces the recent U. S. standardisation activ- 
ities as related to ‘‘ alternate ’’ steels for gears, and gives particulars of steels 
of the N. E. 8000 and A series, which have been proposed as substitutcs for 
regular S. A. E. and A. 1. S. I. gear steels. Part 2 of the article covers a 
review of the properties of the N. E. 4000 series (formerly known as Amola 
steels), as affecting their use for gears 

(Supplied by the Nickel Bulletin) 


PLASTIC MATERIAL. 


Some Recent Advances in Industrial Plastics, by W. G. Wearmouth. 
(J. Sci. Instruments, September 1942, Vol. 19, No. 9, p. 129.). 


Survey of newly developed plastics and their uses. Includes a table of 
trade names, compositions, available forms and physical and mechanical 
properties. 

(Supplied by the British Non-Ferrous Metals Research Association). 


The Design of Plastic Moulded Parts for Economical Quantity Production. 
(Machinery, November 26, 1942, Vol. 61, No. 1572, p. 599, 19 figs). 


The subject is concerned with the design of the parts'to be produced, with 
special attention to those details which are essential to satisfactory moulding. 
Examples : (1) A moulding with an external under-cut which requires a loose 
piece or a side core in the mould ; (2) a moulding which indicates where sharp 
corners should be avoided and where used to advantage. A radio cabinet 
with well rounded corners that facilitate moulding. A moulding having an 
irregular parting. Ball knob with a bead moulded at the parting. The 
flash is easily removed. Luggaye handles moulded hollow in two halves 
that are subsequently cemented together. A telephone mouthpiece. Mould 
and moulding in which a side core is required to form a hole in the side wall. 
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Moulding with offset wall. Typical moulding in which the draught is on the 
inside only. Typical beaker which has a draught both inside and outside. 
Bad and good practice in designing bosses for fastenings. 


Plastics for Aircraft Construction, by H. Stener. (Plugsport, Germany, 
Vol. 34, No. 21, October 14, 1942, p. 315.) 

Of the 2 main classes of plastics, viz., thermoplastic and thermosetting, the 
latter are of principal interest to the aircraft constructor on account of their 
bette: mechanical properties. 

In German literature, thermosetting plastics are known as synthetic resins 
(Kunstharze), and the author describes the principal methods of moulding 
such products under pressure. After manufacture, the parent plastic is in 
the so called state A and contains a considerable amount of moisture, some 
which is next driven off, the powdered product then being in the so called 
sensitive state B. This moulding powder is mixed with a filler (usually 
wood flour) and sprinkled into a metal diekept at about 160°C. The pressure 
applied and time of contact depend on the shape and size of the required article 
and vary from 150 to 1,200 atmosphere and 1-6 minutes. 

Under these conditions, the resin powder first melts and then resolidifies 
(irreversible change), passing into the final hard C state. 

If the finished article has to be machined out of the solid (plate or rod), 
it is advisable to use a plastic containing a fabric filler. The fabric (linen or 
flax) is first impregnated with resin in state ‘‘ A’’ dissolved in alcohol. Sub- 
sequent heating and drying (atmospheric pressure) converts the resin into the 
sensitive state B. A number of layers of the heated fabric are then super- 
posed and subjected to a pressure of about 100 atmospheres between heated 
plates (180°C.). Whilst the pressure moulding described previously only 
occupies a few minutes, the laminated plate is compressed for a period varying 
between 2 and 28 hours, before the resin has completely passed into the final 
hard state C. : 

Rods and tubes can also be manufactured by the continuous extrusion 
process. In this case, however, a fabric filler is unsuitable and wood flour or 
paper cuttings must be employed, leading to a reduction in strength. 

The thermal co-efficient of expansion of plastic material is about twice that 
of light alloys and 4 times that of steel. This requires careful consideration 
in composite structure. 

The author gives examples of aircraft fittings made of plastics and employed 
on a large scale (bushing, bearings, pulley wheels, knobs, handles, lightly 
loaded gears, etc.). 

Experiments are in progress for moulding major structural elements of 
aircraft (control surfaces, wing surfaces, fuselage shell, etc.), but so far 
success has only been achieved by the use of plywood as a hase. Such struc- 
tures are thus rather made of treated plywood than of synthetic resin proper. 
It seems probable that small aircraft can be built profitably in this manner 
and that the method will be extended to larger sizes after more experience has 
been gained. 

(Supplied by D.S.R., Ministry of Atrcvaft Production.) 
RESEARCH. 

Metallic Wear of Metals and Alloys, by J. W. Donaldson. (Metallurgia, 
September 1942, Vol. 26, No. 155, p. 155). 

Describes recent research on the mechanism of and factors affecting wear 
(with bibliography), and discusses the development and selection of new 
wear resisting alloys or the treatment of existing alloys to improve resistance 
to wear under service conditions. 

(Supplied by the British Non-Ferrous Metals Research Association). 
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RETAILING. 


Scrap Identification Tests : Reference tables of Rapid Scrap Identification 
Tests, (Metals and Alloys, August, 1942, Vol. 16, p. 264). 


In view of the present possibility of inadvertent mixing of s« rap, and of 
the need for rapid and accurate differentiation and sorting, the editors of 
Metals and Alloys have compiled three series of reference tables showing 
behaviour, in various test conditions, of materials which may be encountered 
as ‘‘scrap’’. The data have been compiled from information given by Climax 
Molybdenum Corp.; International Nickel Co.; Inc., Linde Air Products Co.; 
Nassau Smelting and Refining Co. ; Norton Co. 


(Supplied by the Nickel Bulletin). 


SHOP MANAGEMENT. 


Control of Production, by F. A. Carey. (Aircraft Production, December, 
1942, Vol. IV, No. 50, p. 724, 1 fig.). 


Process iayout. Manufacturing procedure. Initial batches. Manufacture 
ofunits. A typical planning and progress chart for the production of a centre 
fuselage section. Time of changeover. Standardisation of working hours. 
Progress record. Rectifications. Applicability of modifications. Class- 
ification of labour. 


SMALL TOOLS. 


Tipped H.S.S. Tools, by Leo J. St. Clair. (The Engineer, November 20, 
1942, Vol. CLXXIV, No. 4532, p. 417, 7 figs.). 


Most machine shops have experienced breakage of solid high-speed steel 
tools. This breakage usually occurs on cutting tools of special shape, such 
as are used to machine a small section inside diameters or grooves. Example : 
part to be undercut. The solid 18-4-1 high speed steel tool which had a ten- 
dency to break. A tool tipped with an 8 per cent. cobalt H.S.S. whose 
breakage has been eliminated. Six-tipped circular form tool used to replace a 
solid H.S.S. form tool that frequently broke. The tipped tool uses less than 
1 per cent. of the original material. Troublesome breakage of dove-tail 
form tocls is eliminated by brazing a H.S.S. plate on a low-alloy shank 
in which the sharp dove-tail is cut. Tipped planer tool used to make a deep 
recess nor only saves scarce material but also reduces costly breckage. 


Recommended Tap Drill Sizes—I and II. (The Machinist, Reference Book 
Sheet, November 28, 1942, Vol. 86, No. 33, p. 849.). 

American national coarse-thread series. Size of thread. Threads per inch. 
Minor diameter of nut. Stock drills for 100 to 50 per cent. of basic thread 
depth. 


Punches Cut their own Dies, by John Haydock. (The Machinist, November 
21, 1942, Vol. 86, No. 32, p.815, 6 figs). 


In this method of diemaking, the finished punch is mounted in the press 
with the roughed out die. The shearing acticn of the punch completes the 
die contour. A fine ribbon of metal is shaved from the die by the punch. 
In working on dural sheet the die is made of Kirksite A. Steps in making 
simplified dies for dural or alclad parts at Lockheed. Rubber strippers are 
inexpensive and quickly installed. They are usually applied to both the punch 
and the die. Steps in making simplified dies for SAE 4130 and stainless 
steel parts at Lockheed. 
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Diamond Abrasive Wheels. (Machinery, November 19, 1942, Vol. 61, 
No. 1571, p. 567, 1 fig). 


Diamond wheel specifications. Selecting the wheel. Recommended 
operations. Dressing, truing and forming. Other points of importance. 


SURFACE, SURFACE TREATMENT 


The Formation and Evaluation of Zine Coatings, Part VI—Corrosion. (Sheet 
Metal Industries, December 1942, Vol. 16, No. 188, p. 1850, 10 figs). 


Factors which may influence corrosion. Effect of different waters. Effect of 
impurities. Effect of acidity on corrosion. Effect of different atmospheres. 
Electrolytic corrosion. The porosity of the coating. Effect of tcmpcrature. 


The Trend of Electroplating Development, by S. Wernick. (Abridged 
version in Met. Ind., October 16, 1942, Vol. 61, No. 16, p. 249.). 


Outlines developments up to the outbrezk of war, the role of electroplating 
in the war and probable post-war developments. Among thcse lettcr he 
considers that som> good effects of the war will be that industry will be uscd 
to working to sp2cifications, factorics will have their own plating dcpertmcnts 
instead of sending this work out and there will be ‘mprovcmcnts in plant, 
general procedure and technical educaticn of workcrs. 


Rust Proofing Cadmium Plated Tubular Parts, by B. Gross. (Ivon Age, 
July 30, 1942, Vol. 150, No. 5, p. 52). 


In Am>rica Cr-Mo steel tubular structures closed by welding and plated 
externiully with Cd are usually given an intcrnal coating of linsccd oil through 
sp2cially drilled holes which are subsequently plugged ; this is dene with a 
view to preventing corrosion. Corrosion tests described hcre show that 
not only is this linseed oiltreatment unnccessary, but that it actually causes 
increased corrosion. 


(Supplied by the British Non-Ferrous Research Association). 


Surface Finish of Journals (effect on friction, wearing-in and seizure), by 
R. W. Dayton, and others. (Mech. Eng., Vol. 64, No. 10, p. 718.) 


Tests to study surface finish of journals as effecting frict°on wearing-in, 
and seizure of bearings were made on an Amsler machine under the con- 
ditions given in this paper. Fine finishes were studied, the roughest having 
a profilometer reading of only 10 microinches. 

It was found that there was rather good correlation between the seizure 
results and the product of pr: filometer readings taken in the axial and circum- 
ferential directions. Those surfaces having higher roughness-preduct rcad- 
ings had greater seizure tendency. This was approximately true irrespective 
of the finishing msthods employed, which included grinding, sandpapering, 
loose-abrasive lapping and lapping with bonded abrasive wheels, but sand- 
papered surfaces gave rather better than average seizure resistance and loose- 
abrasive-lapped surfaces rather poorer than average seizure resistance. 
However, a loose-abrasive-lapped surface finished by ring lapping, and 
therefore exceptionally free from chatters and other defects, gave exceptionally 
good results when extremely fine abrasive paper was used lightly to finish its 
surface before testing. 

The seizure results of all specimens also correlated well with the appearance 
of taper sections of the surfaces. 

A study by means of taper sections and photomicrographs of the mechanism 
of wearing-in showed that the surfaces which wore-in most readily had a very 
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fine-scale roughness sometimes referred to as ‘‘ fuzz.’ Chis fuz zis not 
indicated to be harmful on a journal which has a sufficiently fine surface 
finish as to have a reasonably high initial seizure resistance 

One effect that takes placed uring wearing-in was shown to be an extremely 
minute smoothing of the topmost part of the surface roughness, and this 
produced a large change in the frictional characteristics. The actual area 
of contact is thus indicated to be only a small percentage of the convention- 
ally calculated area even for the finely finished and accurate surfaces being 
dealt with in this investigation Trueness and large-scale roughnesses such 
as waviness, flit spots, and grinding chatter are also probably very important. 


(Supplre l by D.S.R Wi {} t Production.) 
WELDING, BRAZING, SOLDERING 


How to Weld Substitute Steels, by Harold Lawren ei Metal Industries 
De nhey 1942, V« 16, N ISS 1925 


Influence of the common alloyir lements on the hardenebility of the heat 
affected weld zone in low loy steels DI kimat 1 fluence cf carbon 
content on the tensile properties of bon stee n the as-rolled condition 


Joint design as it influen 
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